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Abstract: This paper analyzes multiple reserve requirements of the type that have been imposed by a
number of developing countries. We show that previous theoretical work on this topic has not succeeded
in providing a social welfare rationale for the existence of multiple reserve requirements. We go on to
present a model in which it is possible for a multiple reserves regime to improve social welfare relative
to simpler regimes involving reserve requirements and/or deposit taxes. We demonstrate the empirical
plausibility of our approach by providing a case study of Mexico, a country with extensive historical
experience with multiple reserve requirements.
JEL classification: E5, E6, F3
Key words: multiple reserve requirements, public finance W?|hL_U|L?
 L|@|L?
 4*|T*i hitihi hi^hi4i?|t hi}4i t @ 4L?i|@h) hi}4i ? U |i }Lih?4i?| 4
TLtit |L |)Tit Lu hitihi hi^hi4i?|t L? |i M@?!?} t)t|i4G @ Uhhi?U) hitihi hi^hi
4i?|c U U@? Mi t@|ti_ M) L*_?}t Lu }Lih?4i?| Uhhi?U)c @?_ @ ML?_ hitihi hi^hi
4i?|c U U@? Mi t@|ti_ M) L*_?}t Lu }Lih?4i?| ML?_t |@| hi|h? Mi*L4@h!i| h@|it
Lu ?|ihit| *|T*i hitihit hi}4it @i Mii? @_LT|i_ M) @ ?4Mih Lu _ii*LT?} UL?|hit
@| @hLt |4it ? hiUi?| )i@ht( i @4T*it ?U*_i *ic kLhi@c i ULc @?_ @!t|@? W?
i@U U@tic |i UL?|h) @_ @ *@h}i TM*U tiU|Lh _iU| @?_ @t @||i4T|?} |L ?@?Ui @ tM
t|@?|@* TLh|L? Lu | @ ti}?Lh@}i At LMtih@|L? t}}it|t |@| |i Th?UT@* 4L|it uLh
|i 4TLt|L? Lu |iti hi}4it ihi UL?t_ih@|L?t Lu TM*U ?@?Ui h@|ih |@? 4L?i|@h)
UL?|hL* Lh *^_|)￿
 tiUL?_ LMtih@|L? @ML| 4*|T*i hitihit hi}4it t |@| |i hi@* h@|i Lu hi|h? L?
hitih@M*i }Lih?4i?| ML?_t @t ?@h@M*) Mii? }ih |@? |i hi@* h@|i Lu hi|h? L? }L
ih?4i?| Uhhi?U) Q |@| tc |i ML?_t @i @*@)t )i*_i_ TLt|i ?L4?@* ?|ihit| `i **
4 Mlphqh} +4<9;,/ glvfxvvlqj Dujhqwlqd*v uhjxodwlrqv doorzlqj edqnv wr vdwlvi| d sruwlrq ri wkhlu uhvhuyh
uhtxluhphqwv e| kroglqj orz0|lhog jryhuqphqw erqgv/ frpphqwv wkdw _Wkhvh erqgv qr orqjhu uhsuhvhqw d
prqhwdu| srolf| exw d vfdo srolf| e| phdqv ri zklfk wkh sxeolf vhfwru devruev sduw ri wkh edqnlqj vhfwru*v
ohjdo uhvhuyh uhtxluhphqwv lq rughu wr qdqfh lwv h{shqglwxuhv1%
hiuih |L hi}4it *!i |t @t RUL?i?|L?@*c @?_ i ** _itUhMi hi}4it ?L*?} ?i}@|i
?L4?@*?|ihit| ML?_t @t R?UL?i?|L?@* `*i |i u@U| |@| |i ?L4?@* ?|ihit| h@|it
L? Th@|i ML?_t @hi @*@)t TLt|i 4@!it UL?i?|L?@*|) tii4 ?@|h@*c ?L|?} @ML| |i
t|hU|hi Lu 4*|T*i hitihit hi}4it @TTi@ht |L hi^hi TLt|i ?L4?@* h@|it L? hitih@M*i
}Lih?4i?| ML?_t W? @ |)TU@* hi}4i Lu |t |)Tic |i }Lih?4i?| _it}?@|it @ T@h|U*@h
U*@tt Lu ML?_t @t hitih@M*i @?_ uLhUit |i M@?!t |L L*_ |iti ML?_t @?_ ?L L|iht 5?Ui
|i }Lih?4i?| t uhiic u | titc |L Lgih _gihi?| @?_ }ih)i*_?} ML?_t |L ?L?M@?!
*i?_ihtc | tL*_ @*tL Mi uhii |L 4TLti @?) hitih@M*i ML?_ h@|i | ULLtit2 Ai u@U|
|@| |i ?L4?@* ML?_ h@|i t TLt|i 4T*it |@| ML?_ hitihi hi^hi4i?|t ThL_Ui *itt
hii?i Tih _L**@h Lu hitih@M*i @tti|t |@? Uhhi?U) hitihi hi^hi4i?|t Q ? L|ih Lh_tc
|@| |i 4T*U| |@ h@|i L? hitih@M*i ML?_t t *Lih |@? |i 4T*U| |@ h@|i L? Uhhi?U)
E|i R?@|L? |@  h@|i Aihi t ?L LMLt hi@tL? ) |t 4t| Mi |i U@ti
Ai ThTLti Lu |t T@Tih t |L _i?|u) |i ThLTih|it Lu @ T*@tM*i uLh4@* 4L_i* |@|
U@? i T*@? |iti |L ThLTih|it Lu 4*|T*ihitihit hi}4it `i Mi}? M) @tt4?} |@| |i
hi}4it @i ?_ii_ Mii? 4TLti_ uLh TM*U ?@?Ui hi@tL?tc @?_ |@| |i }Lih?4i?|t |@|
5 Lq vrph pxowlsoh uhvhuyhv uhjlphv wkh jryhuqphqw jlyhv edqnv wkh rswlrq ri kroglqj fxuuhqf| ru uhvhuydeoh
jryhuqphqw erqgv wr vdwlvi| wkh vhfrqg uhvhuyh uhtxluhphqw1 Lq wklv fdvh/ lw lv fohdu wkdw wkh edqnv zloo qrw
sxufkdvh uhvhuydeoh erqgv xqohvv wkhlu qrplqdo lqwhuhvw udwh lv qrq0qhjdwlyh1 Wkh txhvwlrq wkhq ehfrphv
zk| wkh jryhuqphqw fkrrvhv wr rhu edqnv wklv rswlrq1
24TLti_ |i4 ULti |i4 Lih @*|ih?@|i ti}?Lh@}i@}4i?|@|L? t|h@|i}it |@| L*_
@i Mii? t4T*ih |L uLh4*@|i @?_ @_4?t|ih Q t|h@|i}it ?L*?} t?}*i Uhhi?U) Lh ML?_
hitihi hi^hi4i?|t @?_%Lh _hiU| |@ @|L? Lu |i hi|h?t L? M@?! _iTLt|t W| uL**Ltc ?
Lh ic |@| |iti }Lih?4i?|t Mi*ii_ 4*|T*i hitihit hi}4it ihi iUL?L4U@**) Lh
TL*|U@**) Thiuih@M*i |L |iti @*|ih?@|it Q |@| tc |@| |i) L*_ ThL_Ui iUi?U)
}@?t uLh |i iUL?L4) @t @ L*i @?_%Lh tLU@* i*u@hi }@?t uLh 4TLh|@?| tLULiUL?L4U
}hLTt￿ Atc Lh }L@* t |L UL?t|hU| @ uLh4@* 4L_i* ? U UL?i?|L?@* 4*|T*i
hitihit hi}4it U@? ThL_Ui iUi?U) Lh tLU@* i*u@hi }@?t Lih hi*@|i_ hi}4it |@| @hi
t4T*ih ? ?@|hi
2 hiLt Lh!
W? hiUi?| )i@htc @|Lht tU @t `@**@Ui EbHec +L4ih EbHDc 6hii4@? EbH.c hLU!
EbHbc 54| Ebbc Lh4Lh@t @?_ +tti** Ebb2c L|hi? @?_ `@_ Ebbec 6hii4@?
@?_ O@t*@} EbbS @?_ @||@U@h)@ @?_ O@t*@} Ebbb @i ti_ }i?ih@* i^*Mh4 4L_i*t
|L @?@*)3i |i hL*i Lu Uhhi?U) hitihi hi^hi4i?|t ? 4L?i|@h) TL*U) @?_ TM*U ?@?Ui
6 Iru rxu sxusrvhv/ d srolf| lv hflhqw/ uhodwlyh wr dqrwkhu srolf|/ li wkh frqvxpswlrq doorfdwlrq lw vxssruwv
Sduhwr grplqdwhv wkh doorfdwlrq vxssruwhg e| wkh dowhuqdwlyh srolf|1 D srolf| lpsuryhv vrfldo zhoiduh/
uhodwlyh wr dqrwkhu srolf|/ li wkh frqvxpswlrq doorfdwlrq lw vxssruwv kdv kljkhu vrfldo xwlolw|/ dv phdvxuhg e|
d vrfldo xwlolw| ixqfwlrq/ wkdq wkh dowhuqdwlyh srolf|1 Rxu xvh ri whupv vxfk dv _rswlpdo% ru _vrfldo0zhoiduh0
pd{lpl}lqj% vkrxog eh xqghuvwrrg dv uhvwulfwhg wr wkh frqwh{w ri d sduwlfxodu fodvv ri srolflhv1 Qrqh ri wkh
srolflhv zh vwxg| lq wklv sdshu duh uvw0ehvw rswlpdo1
Ai t|h@?_ Lu |t *|ih@|hi |@| t Lu 4Lt| ?|ihit| |L t ?U*_it 6hii4@? EbH.c hLU!
EbHbc Lh4Lh@t @?_ +tti** Ebb2 @?_ @||@U@h)@ @?_ O@t*@} Ebbb Aiti T@Tiht
@__hitt |i ^it|L? Lu i|ih @ }Lih?4i?| |@| 4t| ULih @ TM*U tiU|Lh _iU| t?}
hii?i uhL4 ti}?Lh@}i 4}| @i i*u@hiLhi?|i_ hi@tL?t uLh Thiuihh?} @ ti}?Lh@}i
hi}4i ui@|h?} @ Uhhi?U) hitihi hi^hi4i?| |L t4T*ih ti}?Lh@}i hi}4it
,tT?Lt@ EbbD ThL_it |i ht| |iLhi|U@* @?@*)tt Lu 4*|T*i hitihi hi^hi4i?|t
Oi @_LT|t |i M@tU @tt4T|L?t @?_ 4i|L_L*L}) Lu 6hii4@? EbH.c M| i @}4i?|t
6hii4@?<t 4L_i* M) ?|hL_U?} ?|h@}i?ih@|L?@* _iht|) ,tT?Lt@ t|_it |i i*u@hi
@?_ L|ih igiU|t Lu 4TLt?} @ tTT*i4i?|@h) ML?_ hitihi hi^hi4i?| ? @? iUL?L4) |@|
@*hi@_) @t @ Uhhi?U) hitihi hi^hi4i?| Ot Th?UT@* hit*| dhLTLt|L? o t |@| ?_ih
Uih|@? UL?_|L?tc |i }Lih?4i?| U@? ?Uhi@ti iUi?U) E|@| tc | U@? ThL_Ui @ @hi|L
4ThLi4i?| M) hi^h?} M@?!t |L hiT*@Ui T@h| Lu |ih Uhhi?U) hitihit | hitihit
Lu }Lih?4i?| ML?_t |@| T@) TLt|i ?L4?@* ?|ihit| Oi @*tL tLt dLhL**@h) o |@|
|i UL?t4T|L? @**LU@|L? ThL_Ui_ M) @ UL?i?|L?@* 4*|T*i hitihit hi}4i U@??L| Mi
_T*U@|i_ M) @ t?}*i Uhhi?U) hitihi hi}4i | @ _gihi?| hitihi h@|L
,tT?Lt@<t tUUitt ? _i?|u)?} |i TL|i?|@* i*u@hi Mi?i|t Lu UL?i?|L?@* 4*|T*i
hitihi hi^hi4i?|t hiThiti?|t @? 4TLh|@?| UL?|hM|L? OLiihc i _Lit ?L| tL |@|
eTL*U) hi}4it | |L hitihi hi^hi4i?|t @hi |i L?*) @) |L @Uii |iti Mi?i|t Ot
hLTLt|L?  @tt4it |@| |i @}}hi}@|i hitihi h@|L E?|@**) Uhhi?U)c *@|ih Uhhi?U) T*t
ML?_t t i L}i?Lt*)  i_ At @tt4T|L? *i@it LTi? |i TLttM*|) |@| |i }Lih?4i?|
UL*_ @Uii t4*@h iUi?U) }@?t M) U@?}?} |i hitihi h@|L M| 4TLt?} L?*) L?i
hitihi hi^hi4i?| EUhhi?U) Lh ML?_e 54*@h*)c ,tT?Lt@ _Lit ?L| tL |@| |i i*u@hi
Mi?i|t i _itUhMit U@? Mi @Uii_ L?*) M) 4*|T*i hitihit hi}4it |@| @hi UL?i?|L?@*
? ?@|hi Ot LhL**@h)  _Lit ?L| h*i L| |i TLttM*|) |@| |i hi*i@?| UL?t4T|L?
@**LU@|L?t UL*_ @*tL Mi tTTLh|i_ M) hi}4it | ?i}@|i ?L4?@* ?|ihit| ML?_t
 h UL?|hM|L?
W? |t T@Tihc i @||i4T| |L ThL_i @ 4Lhi hLMt| |iLhi|U@* i T*@?@|L? uLh |i i t|i?Ui
Lu UL?i?|L?@* 4*|T*i hitihi hi^hi4i?|t h Th?UT@* }L@* t |L i T*@? ) @ Ui?|h@*
M@?! | UL4T*i|i i M*|) ? ti||?} 4L?i|@h) @?_ hitihi TL*U) Q UL4T*i|i uhii_L4
7 Hvslqrvd dqg Uxvvhoo +4<<<, vkrz wkdw wkh hflhqf| lpsuryhphqwv ghvfulehg lq Hvslqrvd*v Sursrvlwlrq 4
+4<<8, duh srvvleoh rqo| ehfdxvh wkh vlqjoh fxuuhqf| uhvhuyh doorfdwlrqv wkdw vdwlvi| klv k|srwkhvlv fdq eh
Sduhwr grplqdwhg e| doorfdwlrqv vxssruwhg e| dowhuqdwlyh vlqjoh fxuuhqf| uhvhuyh srolf| vhwwlqjv1 Wkxv/ wkh
rqo| srolf| vhwwlqjv iurp zklfk vzlwfklqj wr pxowlsoh uhvhuyhv fdq lqfuhdvh hflhqf| duh vhwwlqjv wkdw wkh
fhqwudo edqn vkrxog qhyhu kdyh fkrvhq lq wkh uvw sodfh1 Rq wkh rwkhu kdqg/ Hvslqrvd*v Fruroodu| 4 +4<<8,
hvwdeolvkhv wkdw doorfdwlrqv vxssruwhg e| frqyhqwlrqdo pxowlsoh uhvhuyh srolf| vhwwlqjv fdqqrw eh vxssruwhg
e| vlqjoh fxuuhqf| uhvhuyh uhjlphv1 Wklv uhvxow ghprqvwudwhv wkdw pxowlsoh uhvhuyhv uhjlphv fdq lqfuhdvh
vrfldo zhoiduh ryhu vlqjoh fxuuhqf| uhvhuyh uhjlphv/ hyhq li wkh| fdqqrw lqfuhdvh hflhqf|1 Lw grhv qrw/
krzhyhu/ uxoh rxw wkh srvvlelolw| wkdw wkhvh vrfldo zhoiduh lpsuryhphqwv frxog dovr eh dfklhyhg e| d vlqjoh
erqg uhvhuyh uhtxluhphqw ru e| dq xqfrqyhqwlrqdo pxowlsoh uhvhuyh uhtxluhphqw +vhh ehorz,1
D|L ULLti |i ?4Mih Lu _gihi?| hitihi h@|Ltc |i _i?||it Lu |i hitih@M*i @tti|t @?_
|i hi|h? h@|it L? |Lti @tti|t Q 4}| ULLti @ 4*|T*i hitihi hi^hi4i?| ?t|i@_ Lu
@? @*|ih?@|i ti}?Lh@}iM@ti_ ?@?U?} hi}4i |@| L*_ Mi *itt UL4T*i @?_ i@tih |L
@_4?t|ih Ai ?@|h@* t|@h|?} TL?| uLh Lh ?it|}@|L? t ,tT?Lt@<t EbbD 4L_i* `i
Mi}? M) ?it|}@|?} @ M@tU ^it|L? @ML| |@| 4L_i*G #Lit | @i tTiUU@|L?t ?
U 4*|T*i hitihi hi^hi4i?|t U@? Mi ti_ |L tTTLh| UL?t4T|L? @**LU@|L?t |@| do
U@??L| Mi tTTLh|i_ M) @ t?}*i hitihi hi^hi4i?|t @?_ d2o U@??L| Mi @hi|L _L4?@|i_
M) t?}*ihitihi @**LU@|L?tq `i !?L |@| u 4*|T*i hitihi hi^hi4i?|t U@? tTTLh|
@**LU@|L?t | |iti |L ThLTih|itc |i? |i) U@? ThL_Ui }ih tLU@* i*u@hic uLh tL4i
tLU@* |*|) u?U|L?tc |@? t?}*i hitihi hi^hi4i?|t Atc tTiUU@|L?t Lu |t |)Ti
L*_ ThL_i @ hi*@|i*) hLMt| |iLhi|U@* i T*@?@|L? uLh |i i t|i?Ui Lu 4*|T*i hitihi
hi^hi4i?|t
`i ?_c Liihc |@| |ihi @hi ?L tU tTiUU@|L?t W? ,tT?Lt@<t 4L_i*c @?) @**L
U@|L? |@| U@? Mi tTTLh|i_ M) @ 4*|T*i hitihi hi^hi4i?| U@? @*tL Mi tTTLh|i_ M)
@ t?}*i ML?_ hitihi hi^hi4i?| At hit*|c U t Lh hLTLt|L? c 4T*it |@| i
** ?L| Mi @M*i |L i T*@? |i i t|i?Ui Lu 4*|T*i hitihi hi^hi4i?|t ?*itt i 4L_u)
,tT?Lt@<t 4L_i* `i ThLUii_c ? |i tTh| Lu UU@4<t +@3Lhc M) _i?|u)?} |i ui@|hi
SLu |i 4L_i* |@| 4@!i Uhhi?U) hitihi hi^hi4i?|t tTihLt @?_ hit?} |t ui@|hi
? |i t4T*it| TLttM*i @) Ai hit*| t @ T@ht4L?Lt 4L_i* ? U 4*|T*i hitihi
hi^hi4i?|t U@? 4ThLi tLU@* i*u@hi hi*@|i |L @ t?}*i hitihi hi^hi4i?| Lu i|ih
|)Ti
5L?} |@| 4*|T*i hitihi hi^hi4i?|t U@? ThL_Ui }ih tLU@* i*u@hi |@? t?}*i
hitihi hi^hi4i?|t t ?L| i?L} |L i T*@? |ih i t|i?Ui  }i??i 4*|T*i hitihit
hi}4i t 4Lhi UL4T*i |@? @ t?}*i hitihi hi}4i @*L?} |L _4i?tL?tG |i }Lih?4i?|
4t| 4TLti |L _gihi?| hitihi h@|Lt E@| *i@t|c @?_ | 4t| tti *@M*|it | |L
_gihi?| h@|it Lu hi|h?  |h*) t@|tu)?} i T*@?@|L? uLh 4*|T*i hitihi hi^hi4i?|t
4t| i T*@? ) |i) @hi tTihLh |L @*|ih?@|i ti}?Lh@}i hi}4it |@| 4}| ?L*i *itt
_h@4@|U ?Uhi@tit ? UL4T*i |)c hi*@|i |L t?}*i hitihi hi}4it L?ti^i?|*)c i i |i?_
Lh @?@*)tt M) t|_)?} tiih@* @*|ih?@|i hi}4it Lu |t tLh| `i tL |@| |@| |ihi @hi
tTiUU@|L?t Lu Lh 4L_i* ? U |hi 4*|T*i hitihit hi}4it U@? ThL_Ui }ih tLU@*
i*u@hi |@? @?) Lu |iti @*|ih?@|i hi}4it `i @*tL tL |@| |i L?*) 4*|T*i hitihit
hi}4it |@| @i |t ThLTih|) @hi |Lti ? U hitih@M*i ML?_t )i*_ TLt|i ?L4?@*
?|ihit| At ?_?} i T*@?t ) |i 4*|T*i hitihit hi}4it i @U|@**) LMtihi @hi
UL?i?|L?@* ? ?@|hi
.e h}@?3@|L?
W? |i ?i | tiU|L? E5iU|L? 2 Lu |t T@Tihc i Mi}? Lh uLh4@* @?@*)tt M) Thiti?|?} @?
@MMhi@|i_ _itUhT|L? Lu ,tT?Lt@<t EbbD 4L_i* `i ti |t 4L_i* |L tL |@| @?)
@**LU@|L? tTTLh|@M*i M) @ 4*|T*i hitihit hi}4i U@? @*tL Mi tTTLh|i_ M) @ t?}*i ML?_
hitihi hi^hi4i?| W? 5iU|L?  i UL?t|hU| @ 4L_i_ ihtL? Lu ,tT?Lt@<t 4L_i* @?_
ti | |L UL4T@hi |i ThLTih|it Lu }i??i 4*|T*i hitihi hi^hi4i?|t hi}4it |L |Lti Lu
t4T*ih hi}4it ?L*?} @ t4@**ih ?4Mih Lu }Lih?4i?| *@M*|it Lh @ t4@**ih ?4Mih Lu
hitihi h@|Lt W? 5iU|L? e i Thiti?| tL4i i_i?Ui uhL4 i ULc @ UL?|h) |@| @t ti_
4*|T*i hitihi hi^hi4i?|t ^|i i |i?ti*)c |@| tTTLh|t |i i4ThU@* T*@tM*|) Lu
Lh M@tU @tt4T|L?t 5iU|L? D Lgiht tL4i UL?U*_?} hi4@h!t Ai ThLLut Lu |i T@Tih<t
uLh4@* hit*|t @hi Thiti?|i_ ? |i @TTi?_ c @*L?} | @ ?4Mih Lu **t|h@|i i @4T*it
2 Ai M@tU hitihi hi^hi4i?|t 4L_i*
2 5TiUU@|L?
`i @?@*)3i @ |LTihL_ Lih*@TT?} }i?ih@|L?t 4L_i* | *4|i_ ?|h@}i?ih@|L?@* i|
ihL}i?i|) @?_ @ ?4Mih Lu *i}@*%|iU?L*L}U@* UL?t|h@?|t L? ?|ih|i4TLh@* |h@_it ,UL
H?L4U @U||) LUUht @| _tUhi|i _@|it | ' c2c | i@U _@|i | @ }i?ih@|L? Lu LtiL*_t
t MLh?( |iti R4i4Miht Lu }i?ih@|L? | *i _h?} _@|it | @?_ |n ,@U }i?ih@|L? Lu
LtiL*_t UL?tt|t Lu R RTLLh t@iht @?_ o RhU t@iht +U t@iht _gih uhL4 TLLh
t@iht ? |i 4@}?|_i Lu |ih i?_L4i?|t Lu |i t?}*i UL?t4T|L? }LL_ @?_ ETLttM*)
? |i _t|hM|L? Lu |iti i?_L4i?|t @UhLtt |i |L TiL_t Lu |ih *it Ai i?_L4i?|
T@||ih?t Lu hU @?_ TLLh t@iht @hi ?@h@?| |L |i _@|it @| U |iti LtiL*_t @hi
MLh?
| i@U _@|i @? @hM|h@h) ?4Mih Lu UL4Ti||i Th@|i M@?!t @hi LTih@|?} ? |i
iUL?L4) Aiti M@?!t 4@) L*_ L?i Lh 4Lhi Lu |i uL**L?} |)Tit Lu @tti|tG
 Th@|i L?iTihL_ ML?_tc U @hi @@*@M*i L? |i ?|ih?@|L?@* Uhi_| 4@h!i| @| @?
i L}i?Lt*)_i|ih4?i_ }hLtt hi@* ?|ihit| h@|i -:D
 }Lih?4i?| Uhhi?U)c U )i*_t @ }hLtt hi@* hi|h? h@|i -6E|  f |@| t _i|ih4?i_
M) |i }Lih?4i?| |hL} |t @M*|) |L UL?|hL* |i }hL| h@|i Lu |i t|LU! Lu Uhhi?U)
 }Lih?4i?| L?iTihL_ ML?_tc U )i*_ @ }hLtt hi@* hi|h? h@|i -KE|  f |@| t
tTiUi_ M) |i }Lih?4i?|S
8 Qrwh wkdw UA4 lpsolhv wkdw wkh qhw udwh ri uhwxuq lq wkh lqwhuqdwlrqdo fuhglw pdunhw h{fhhgv wkh qhw udwh
ri jurzwk ri wkh hfrqrp|/ zklfk xqghu wkhvh dvvxpswlrqv lv }hur1
9 Vlqfh wkh jryhuqphqw vhwv wkh qrplqdo lqwhuhvw udwh rq erqgv dqg kdv shuihfw iruhvljkw uhjduglqj wkh
fxuuhqf| lqdwlrq udwh +vhh ehorz,/ lw hhfwlyho| vhwv wkh uhdo lqwhuhvw udwh rq erqgv1
bAi *@M*|it Lu |i M@?!t UL?tt| Lu _iTLt|t |@| @hi Lgihi_ |L |i TM*U @| @ UL4Ti||i*)
_i|ih4?i_ }hLtt hi@* ?|ihit| h@|i -_E| Ai M@?!t @hi @tt4i_ |L @i 3ihL LTih@|?} ULt|t
@?_ |L 4@ 43i |ih _@|i | ThL|tc U 4t| Mi 3ihL ? i^*Mh4
Ai }Lih?4i?| t @tt4i_ |L @i 4TLti_ @ *i}@* 4?44 _i?L4?@|L? L? |i hi@*
4@h!i| @*i Lu @ M@?! _iTLt| Ai i?_L4i?|t Lu |i TLLh t@iht @hi @tt4i_ |L Mi |LL
t4@** |L Tih4| |i4 |L ThU@ti M@?! _iTLt|t W? @__|L?c | t @tt4i_ |L Mi **i}@*
@?_%Lh ?ui@tM*i uLh |i4 |L TLL* |ih u?_t |L ThU@ti _iTLt|t Lh |L ?@?Ui _iTLt|
ThU@tit | ?tiUhi_ Uhi_| Atc |i L?*) @tti| @@*@M*i |L TLLh t@iht t }Lih?4i?|
Uhhi?U)
+U t@iht< i?_L4i?|t @hi @tt4i_ |L Mi *@h}i i?L} |L 4@!i |i 4?44 _i?L4
?@|L? L? M@?! _iTLt|t hhi*i@?| OLiihc Th@|i @?_ }Lih?4i?| ML?_t @hi @tt4i_ |L
@i *@h}ih 4?44 _i?L4?@|L?t |@| 4@!i |i4 ?@UUittM*i |L @?) LtiL*_t i UiT|
M@?!t Atc |i @tti|t @@*@M*i |L hU t@iht @hi }Lih?4i?| Uhhi?U) @?_ M@?! _iTLt|t.
Ai 4@h!i| @U||it Lu |i hU @?_ TLLh t@iht U@? Mi UL4T*i|i*) _itUhMi_ M) |ih
: Dv zh kdyh lqglfdwhg/ wklv prgho lv hvvhqwldoo| lghqwlfdo wr wkh prgho frqvwuxfwhg e| Hvslqrvd +4<<8,1
Hvslqrvd dxjphqwv Iuhhpdq*v +4<;:, prgho e| dgglqj lqwudjhqhudwlrqdo khwhurjhqhlw| ri wkh w|sh ghvfulehg
e| Vdujhqw dqg Zdoodfh +4<;5,1 Dqrwkhu h{dpsoh ri wkh xvh ri plqlpxp ghqrplqdwlrq uhvwulfwlrqv wr
jhqhudwh ghpdqg iru jryhuqphqw fxuuhqf| lv Eu|dqw dqg Zdoodfh +4<;7,1
f@}}hi}@|i hi@* t@?} Eht|TihL_ @tti| _i4@?_ u?U|L?t Aiti u?U|L?t @hi _i?L|i_
6E-6E| @?_ _E-&E|c hitTiU|i*)c ihi -&E|  4@ i-6E|c- _E|j Ai) @hi @tt4i_
|L Mi UL?|?Lt @?_ ?L?_iUhi@t?} uLh -6E|  -6 @?_ -&E|  -&c | f  -6 	  @?_
f  -& 	- H Wu -6 : f |i? i @tt4i 6E-6E| ' f uLh f  -6E|  -6c @?_ t4*@h*)
uLh -& : f @?_ _Eb
Ai }Lih?4i?| t @tt4i_ |L ?@?Ui @  i_ hi@* _iU| Lu C:f Tih TihL_ M) tt?}
ML?_t @?_%Lh Uhhi?U) Ai @}}hi}@|i ?L4?@* t|LU! Lu Uhhi?U) ? UhU*@|L? @| _@|i | t
_i?L|i_ E| Ai _@|i | ThUi Lu @ ?| Lu |i UL?t4T|L? }LL_ ? |ih4t Lu }Lih?4i?|
Uhhi?U) E|i _@|i | ThUi *ii* t _i?L|i_ RE| At -6E|  RE|*RE|n Ai }Lih?4i?|
t @tt4i_ |L ?Uhi@ti |i t|LU! Lu Uhhi?U) @| @ UL?t|@?| }hLtt h@|i 5  c tL |@| E|'
5E| uLh @** |  
BLih?4i?| ML?_t @hi T@)@M*i ? }Lih?4i?| Uhhi?U)G @ ML?_ t @ ||*i |L @ ^@?||)
Lu Uhhi?U) ?i | TihL_ Ai @}}hi}@|i u@Ui @*i Lu |i }Lih?4i?| ML?_t tti_ @| _@|i |
; Hvslqrvd dvvxphg wkhvh ixqfwlrqv zhuh vwulfwo| lqfuhdvlqj lq Up dqg Ug1 Wklv dvvxpswlrq lv qrw hvvhqwldo/
krzhyhu/ dqg lw lv frqyhqlhqw wr eh deoh wr xvh frqvwdqw vdylqj ixqfwlrqv lq h{dpsohv1 D frpprq dvvxpswlrq
wkdw zloo surgxfh frqvwdqw vdylqj ixqfwlrqv lv wkdw krxvhkrogv* suhihuhqfhv duh orj0olqhdu dqg wkdw wkh| kdyh
qr hqgrzphqwv lq wkh vhfrqg shulrg ri wkhlu olyhv1
< Wkh sxusrvh ri wkhvh dvvxpswlrqv lv wr doorz xv wr xvh h{dpsohv lqyroylqj dvvhw0ghpdqg ixqfwlrqv wkdw
kdyh qhjdwlyh ydoxhv dw orz srvlwlyh jurvv uhwxuq udwhv1 Zh duh lpsolflwo| dvvxplqj wkdw djhqwv pd| eruurz
rq wkh lqwhuqdwlrqdo fuhglw pdunhw/ xqlqwhuphgldwhg/ dw jurvv udwh U1 Iru h{dpsoh/ li Up  Up wkhq srru
vdyhuv pd| fkrrvh wr frqvxph wkhlu hqgrzphqwv ru wr eruurz rq wkh lqwhuqdwlrqdo fuhglw pdunhw dw U>l q
hlwkhu fdvh wkhlu uhdo fxuuhqf| edodqfhv zloo eh }hur1 Vlploduo|/ li Un  Un wkhq ulfk vdyhuv pd| fkrrvh wr
frqvxph wkhlu hqgrzphqwv ru eruurz dw U> lq hlwkhu fdvh/ wkh dvvhwv ri grphvwlf lqwhuphgldulhv zloo eh }hur
dqg wkhlu uhdo uhvhuyhv ri dw fxuuhqf| zloo dovr eh }hur1
t _i?L|i_ E| Ai Uhhi?U) ThUi Lu @ ML?_ tti_ @| _@|i |c U t ULti? M) |i
}Lih?4i?|c t _i?L|i_ KE| Ai }hLtt ?L4?@* ?|ihit| h@|i L? tU ML?_t t -?J6E| 
*KE|( ?L|i |@| -KE|'-?J6E|-6E|
BLih?4i?| ti}?Lh@}i hii?i @| _@|it |2 t}   i ?M )
dE|  E|o*RE|nd E|  -?J6E|E|o*RE|
Ai i*u@hi Lu |i TLLh @?_ hU 4i4Miht Lu @?) }i?ih@|L? | t@ t t  4 i _| L_ i T i ? _
?^i*) L? -6E| @?_ -&E|c hitTiU|i*)c @?_ |L Mi t|hU|*) ?Uhi@t?} ? |iti @h@M*it
W| t @tt4i_ |@| @| _@|i  |ihi @hi @? @hM|h@h) ?4Mih Lu R?|@* L*_ LtiL*_t E|i
4i4Miht Lu R}i?ih@|L? f L *i uLh L?i TihL_ @?_ @hi i?_Li_c ? @}}hi}@|ic | @?
t|LU! Lu }Lih?4i?| Uhhi?U) Ef : f `i ** tL4i|4it hiuih |L |i 4i4Miht Lu }i?ih@
|L?t | @t |i Ru** *i_ LtiL*_t Ai i*u@hi Lu |i ?|@* L*_ LtiL*_t t @tt4i_
|L Mi t|hU|*) ?Uhi@t?} ? *REc |i ?ihti Lu |i ?|@* ThUi *ii*c Lhc i^@*i?|*)c ?
6f  Ef*REc U t |i @}}hi}@|i hi@* @*i Lu |i ?|@* Uhhi?U) i?_L4i?|
Ai }Lih?4i?| t @tt4i_ |L 4TLti ML?_ @?_%Lh Uhhi?U) hitihi hi^hi4i?|t L? |i
M@?!t Ai uh@U|L?t Lu @ M@?!t< @tti|t |@| | t hi^hi_ |L L*_ ? |i uLh4 Lu Uhhi?U)
@?_ }Lih?4i?| ML?_t @hi _i?L|i_ w6 @?_ wKc hitTiU|i*) `i @tt4i w6cw K 5 dfco @?_
w  w6nwK 5 dfco ,@U hitihi h@|L t |i 4?44 h@|L Lu |i 4@h!i| @*i Lu @ M@?!<t
2L*_?}t Lu L?i Lu |i hitih@M*i *@M*|it EUhhi?U) Lh ML?_t |L |i 4@h!i| @*i Lu |t
i?|hi TLh|uL*L Lu *@M*|it
22 *|T*i hitihit i^*Mh@
`i UL??i Lhti*it |L |i t|_) Lu M?_?} t|@|L?@h) 4*|T*i hitihit i^*Mh@ ELh t4T*)
4*|T*i hitihit i^*Mh@c U @hi UL4Ti||i i^*Mh@ ? U do |i h@|i Lu hi|h?
L? Th@|i ML?_t i Uii_t |i h@|it Lu hi|h? L? }Lih?4i?| Uhhi?U) Lh ML?_tc tL |@| M@?!t
** L*_ }Lih?4i?| *@M*|it L?*) |L 4ii| |i hitihi hi^hi4i?|tc d2o |i h@|i Lu hi|h?
L? M@?! _iTLt|t i Uii_t |i h@|i Lu hi|h? L? }Lih?4i?| Uhhi?U)c tL |@| hU t@iht
** L*_ L?*) M@?! _iTLt|tc @?_ do |i @*it Lu @** hi@* @h@M*it @?_ @** ?L4?@* hi|h?
h@|it @hi UL?t|@?|c *i |i @*it Lu @** L|ih ?L4?@* @h@M*it }hL @| |i t@4i  i_
h@|i￿f Bi? -c Cc @?_ Efc @ M?_?} t|@|L?@h) 4*|T*i hitihit i^*Mh4 U@? Mi
U@h@U|ih3i_ @t @*it Lu |i Ui?|h@* M@?! TL*U) @h@M*it 5c Kc w6c @?_ wK |@| t@|tu)
5  c K : fc w6cw K 5 dfco @?_ w  w6nwK 5 Efcoc T*t @*it Lu |i i?_L}i?Lt @h@M*it












-_ 'E  w6  wK- n wK-K n w6-6 c Ee
-6 	- _ 	-c ED
C 'E  -6d6E-6nw6 _E-_o n E  -KwK _E-_c ES
@?_
6f ' 6E-6nE w6 n wK_E-_  Cc E.
ihi 6f  Ef*RE Ai ht| i^@|L? uL**Lt uhL4 |i u@U| |@| ? @ t|i@_) t|@|i
i^*Mh4c @}}hi}@|i hi@* M@*@?Uit E|*RE| 4t| Mi UL?t|@?| Ai tiUL?_ i^@|L? h*it
L| ThL|@M*i @hM|h@}i ? |i }Lih?4i?| Uhhi?U) @?_ ML?_ 4@h!i|t W?i^@*|it E @?_
ED }@h@?|ii |@| M@?!t L*_ }Lih?4i?| *@M*|it L?*) @t *i}@* hitihit @?_ |@| hU
t@iht L*_ L?*) M@?! _iTLt|t Ai uLh| i^@|L? i Thittit |i hi*@|L?tT Mi|ii? |i
?|ihit| h@|i L? M@?! _iTLt|tc |i |L hitihi h@|Ltc @?_ |i h@|it Lu hi|h? L? |i |hii
?L?M@?! @tti|t |@| t 4T*i_ M) |i @tt4T|L? |@| M@?!t i@h? 3ihL ThL|t Ai t |
@?_ tii?| i^@|L?t i?thi |@| |i Ui?|h@* M@?! 4ii|t |t M_}i| UL?t|h@?| @| _@|it |2
@?_ |'c hitTiU|i*)
eL|i |@| |i @*i Lu -6 _iTi?_t i?|hi*) L? |i @*i Lu 5c U @t ?L ?_iTi?_i?|
?i?Ui |i @*i Lu @?) L|ih @h@M*i 54*@h*)c |i @*i Lu -K _iTi?_t L? |i @*it Lu
-6 @?_ Kc @?_ |i @*i Lu K @t ?L ?_iTi?_i?| ?i?Ui |i @*i Lu @?) L|ih @h@M*i
Atc i @hi uhii |L |?! Lu |i Ui?|h@* M@?! @t ULLt?} -6 @?_ -K _hiU|*)c tMiU| |L
|i hi^hi4i?|t -6  f @?_ -K  f￿￿
W? @| uL**Ltc | t tiu* |L _i?i
  6E-6nw_ E-_c EH
U hiThiti?|t @}}hi}@|i hi@* M@*@?Uit Lu }Lih?4i?| *@M*|itc @?_ |L ?L|i |@| i^@|L?t
Eec ES @?_ E. 4T*)
6f '   C ' -6d6E-6nw6 _E-_o n -KwK _E-_ Eb
W? @ M?_?} t|@|L?@h) 4*|T*i hitihit i^*Mh4 i @i RE|*RE|n ' -6 ' *5c
-?J6E|'-?J6  -K*-6c E|*RE|'6E-6nw6_E-_ @?_ E|*RE|'w6_E-_ uLh @**
| Aiti i^@|L?t 4T*) E|n*E|'E|n*E|' *-6 ' 5 uLh @** |2 L|i
|@| ?_ih Lh @tt4T|L?t |i Ui?|h@* M@?! U@? ti |t UL?|hL* Lih 5 @?_ K |L ti| -6 @?_
-K @| @?) @*it Mi|ii? 3ihL @?_ - `i ** _i?i @ R4*|T*i hitihi hi^hi4i?|t TL*U)
44Qrwh wkdw zh zloo doorz wkh olplwlqj fdvhv Up @3d q g 2 r uUe @ 3/ zklfk fruuhvsrqg wr duelwudulo| odujh
ydoxhv ri } dqg2ru Se1
Dti||?} @t @ iU|Lh E-6c- Kcw 6cw Kc @?_ i ** _i?i |i @ttLU@|i_ RTM*U @?_ Th@|i
@**LU@|L? ELh tL4i|4it R4*|T*i hitihit @**LU@|L? @t |i @*it ECc6fc- 6c- _ |@|
|t iU|Lh Lu TL*U) ti||?}t tTTLh|t @t @ M?_?} t|@|L?@h) 4*|T*i hitihit i^*Mh4
L|i |@| @ t|@|L?@h) i^*Mh4 |L| hitihi hi^hi4i?|t L*_ UL?tt| Lu @*it
Lu -6 @?_ RE tU |@| C 'E -66E-6 @?_ Ef*RE ' 6E-6C 6Lh t4T*U|)c
i @tt4i |@| |i @*i Lu C t *@h}i i?L} |L h*i L| i^*Mh@ Lu |t |)Ti  4*|T*i
hitihit i^*Mh4 t @ t?}*i Uhhi?U) hitihi i^*Mh4 u wK ' f @?_%Lh K ' c Lhc
i^@*i?|*)c u K '  tL |@| -K ' -6  4*|T*i hitihit i^*Mh4 t @ t?}*i ML?_
hitihi i^*Mh4 u w6 ' f  t?}*i Uhhi?U) hitihi TL*U) ti||?} U@? Mi _i?i_ @t @
iU|Lh E-6cw 6( @ t?}*i ML?_ hitihi TL*U) ti||?} t @ iU|Lh E-6c- Kcw K `i _i?i @
Rt?}*i hitihi @**LU@|L? EUhhi?U) Lh ML?_ @t @ TM*U @?_ Th@|i @**LU@|L? tTTLh|@M*i
@t @ t?}*i hitihi i^*Mh4 6?@**)c i hiuih |L 4*|T*i hitihit i^*Mh@ ? U
w6 : f @?_ wK : f | w6 9' wKc @?_ -6 : f @?_ -K : f | -K 9' -6c@ t}i??i 4*|T*i
hitihit i^*Mh@ EuLh4@*3?} @ _i?|L? uhL4 5iU|L? 
S2 +i_?_@?U) Lu Uhhi?U) hitihi hi^hi4i?|t
`i Mi}? Lh @?@*)tt M) it|@M*t?} |@| Uhhi?U) hitihi hi^hi4i?|t @hi tTihLt ?
|t 4L_i* Lhi tTiUU@**)c i tL |@| @?) TM*U @?_ Th@|i @**LU@|L? Q ?U*_?}
@**LU@|L?t tTTLh|i_ M) }i??i 4*|T*i hitihit hi}4itc @?_ ?U*_?} }i??i 4*|T*i
hitihit hi}4it | TLt|i ?L4?@* ?|ihit| h@|it L? hitih@M*i ML?_t Q U@? Mi tTTLh|i_
M) @ hi}4i | @ t?}*i ML?_ hitihi hi^hi4i?|
hLTLt|L?  ?) TM*U @?_ Th@|i @**LU@|L? |@| U@? Mi tTTLh|i_ @t @ M?_?} t|@|L?
@h) 4*|T*i hitihi hi^hi4i?| i^*Mh4 | w6 : f U@? Mi tTTLh|i_ @t @? i^*Mh4
Lu |i t@4i |)Ti | w6 'fQ |@| tc M) @ t?}*i ML?_ hitihi hi^hi4i?|
W? |t 4L_i*c |i L?*) _gihi?Ui Mi|ii? Uhhi?U) @?_ ML?_t |@| t hi*i@?| |L ThLtTiU
|i ML?_ L*_iht E|@| tc M@?!t t |@| |i |L @tti|t 4@) )i*_ _gihi?| h@|it Lu hi|h?
Atc u -K :- 6 |i? @ t?}*i ML?_ hitihi hi^hi4i?| hi}4i @4L?|t |L @ t?}*i Uh
hi?U) hitihi hi}4i ? U |i }Lih?4i?| T@)t ?|ihit| L? hitihit @| @ Mi*L4@h!i|
h@|i￿2 ,tT?Lt@ @?_ +tti** Ebbb tL |@| u -K 	- 6 |i? @?) 4*|T*ihitihit
i^*Mh4 @**LU@|L? ? |t 4L_i* U@? Mi tTTLh|i_ M) @ UL4M?@|L? Lu @ t?}*i Uhhi?U)
hitihi hi^hi4i?| @?_ @ ThLTLh|L?@* |@ L? _iTLt|t W| uL**Lt |@| @ }Lih?4i?| |@|
@_ @UUitt |L ML| Lu |iti TL*U) _iUit Q ?|ihit| L? Uhhi?U) hitihit @?_ _hiU| |@ @
45Vplwk +4<<4, dqg Iuhhpdq dqg Kdvodj +4<<9, vwxg| prghov lq zklfk wkh jryhuqphqw pd| sd| ehorz0pdunhw
lqwhuhvw rq uhvhuyhv1
.|L? Lu _iTLt|t Q L*_ ?L| ?ii_ |L 4TLti i|ih @ ML?_ hitihi hi^hi4i?| Lh 4*|T*i
hitihi hi^hi4i?|t E`i ** hi|h? |L |i ^it|L? Lu _iTLt| |@ @|L? @| |i i?_ Lu |i
?i | tiU|L? Lu |t T@Tih
hLTLt|L?  4@!it | U*i@h |@| |t 4L_i* _Lit ?L| ThL_i @ hLMt| i T*@?@|L? uLh |i
i t|i?Ui Lu 4*|T*i hitihi hi^hi4i?|t 6?_?} tU @? i T*@?@|L? t |i Th?UT@* }L@*
Lu |i hi4@?_ih Lu |t T@Tih 5?Ui i @i @_LT|i_ |t 4L_i* @t Lh t|@h|?} TL?|c |i
^it|L? |@| ?L UL?uhL?|t t tG U Lu |t ui@|hiEt 4@!i Uhhi?U) hitihi hi^hi4i?|t
tTihLt i? ML?_ hitihi hi^hi4i?|t @hi @@*@M*iq
Ai Lgi?_?} ui@|hi |h?t L| |L Mi |i @tt4T|L? |@| |i TLLh t@iht U@??L| L*_ @?)
@tti|t L|ih |@? Uhhi?U) At @tt4T|L? 4T*it |@| @*|L} |i 4L_i* ?U*_it |L
_t|?U| |)Tit Lu u***i_ LtiL*_t ETLLh @?_ hU t@ihtc M?_?} hitihi hi^hi4i?|t
Lu i|ih tLh| U@? Mi 4TLti_ L? L?*) L?i |)Ti Lu LtiL*_ EhU t@iht W| |h?t L|c
4LhiLihc |@| uhL4 TL*U)4@!iht< TL?| Lu ic |iti |L |)Tit Lu hitihi hi^hi4i?|t @hi
h|@**) TihuiU| tMt|||it
W? 4L_i*t Lu |t |)Tic |i }Lih?4i?| tit hitihi hi^hi4i?|t |L @}4i?| t@iht<
_i4@?_ uLh |t Uhhi?U) @?_%Lh ML?_ *@M*|it W?Uhi@tit ? |i _i4@?_ uLh |iti *@M*|it
@UUL4T*t |L ThTLtitG |i) ?Uhi@ti |i L*4i Lu ti}?Lh@}i hii?ic @?_ |i) ?Uhi@ti
H|i hi@* @*i Lu |i ?L4?@* @tti| i?_L4i?|t Lu |i ?|@* L*_ LtiL*_t 5?Ui ML|
Uhhi?U) @?_ ML?_ hitihi hi^hi4i?|t @hi M?_?} L? |i t@4i LtiL*_tc |i) @hi i^@**)
tiu* uLh |iti ThTLtit i|iht T@hMtc @? @}}hi}@|i hitihi h@|L Lu w ** ThL_Ui |i
t@4i hitihi _i4@?_ @?_ |i t@4i ?|@* L*_ hi@* M@*@?Uitc hi}@h_*itt Lu L | t __i_
@UhLtt w6 @?_ wK u ULhtic ? @ 4*|T*i hitihit hi}4i |i @4L?| Lu ti}?Lh@}i hii?i
ThL_Ui_ M) @ Uhhi?U) Lh ML?_ hitihi hi^hi4i?| ** _iTi?_c ? T@h|c L? |i @*it
Lu -6 @?_ -K hitTiU|i*) OLiihc u |i }Lih?4i?| tit |L t|U |L @ t?}*i ML?_
hitihi hi^hi4i?| |L| }@??} Lh *Lt?} hii?ic | U@? ti| |i ?i ML?_ hitihi h@|L
@| |i t@4i *ii* @t |i L*_ @}}hi}@|i hitihi h@|L *i ti||?} |i ?i hi@* ML?_ h@|i @|
|i @TThLTh@|i i}|i_ @ih@}i Lu |i L*_ hi@* ML?_ h@|i @?_ |i L*_ hi@* Uhhi?U) hitihi
h@|i Wu | _Lit |t |i? |ihi ** Mi ?L U@?}i ? i|ih |i _iTLt| h@|i u@U?} hU t@iht Lh
|i @4L?| Lu ti}?Lh@}i i@h?i_ uhL4 |i4 Atc @?) @**LU@|L? tTTLh|@M*i M) @ 4*|T*i
hitihit hi}4i U@? Mi tTTLh|i_ M) @ t?}*i ML?_ hitihi hi}4i
Ai UL?ihtic Liihc t ?L| |hiG |ihi 4@) Mi @**LU@|L?t |@| U@? Mi tTTLh|i_
M) t?}*i ML?_ hitihi hi}4it M| ?L| M) t?}*i Uhhi?U) hitihi hi}4it Ai hi@tL? uLh
|@| ? @ t?}*i Uhhi?U) hitihi hi}4ic |i Ui?|h@* M@?! U@??L| ti| |i h@|i Lu hi|h?
L? _iTLt|tc U UL?|hL*t |i i*u@hi Lu |i hU t@ihtc ?_iTi?_i?|*) uhL4 |i h@|i Lu
bhi|h? L? Uhhi?U)c U UL?|hL*t |i i*u@hi Lu TLLh t@iht 5TTLtic uLh i @4T*ic |@|
|i Ui?|h@* M@?! t @TT) | |i Uhhi?| *ii* Lu |i @}}hi}@|i hitihi h@|Lc @?_ |t |i
Uhhi?| i*u@hi Lu |i ?|@* L*_ LtiL*_tc M| tit |L ?Uhi@ti |i i*u@hi Lu |i hU
t@iht @| |i i Ti?ti Lu |@| Lu |i TLLh t@iht N?_ih @ t?}*i hitihi hi}4i |t t ?L|
TLttM*i Bi? |@| |i Ui?|h@* M@?! _Lit ?L| t |L U@?}i |i Uhhi?U) hitihi h@|Lc |t
L?*) hi4@??} TL*U) |LL* t |i hi@* Uhhi?U) hi|h? h@|i -6 Wu |i M@?! @?|t |L ?Uhi@ti
|i i*u@hi Lu hU t@iht |i? | 4t| ?Uhi@ti -6 ? Lh_ih |L ?Uhi@ti -_c U UL?|hL*t
|ih i*u@hi OLiihc @? ?Uhi@ti ? -6 ** @*tL Mi?i| |i TLLh t@ihtc @?_ | ** hit*|
? @ *Ltt Lu ti}?Lh@}i hii?i |@| ** uLhUi @? ?Uhi@ti ? |i hitihi h@|L Ai @_ihti
igiU| Lu |t hitihi h@|L ?Uhi@ti L? hU t@iht ** 4Lhi |@? Lgti| |i Mi?iU@* igiU|
Lu |i ?Uhi@ti ? -6c *i@?} |i hU t@iht Lhti Lg h@|ih |@? Mi||ih L?ihti*)c |i
Ui?|h@* M@?! U@? i*T |i hU t@iht M) hi_U?} |i @}}hi}@|i hitihi h@|Lc M| |t 4Li
** h| |i ?|@* L*_c ?L| |i TLLh t@iht E5ii , @4T*i 
N?_ih @ t?}*i ML?_ hitihi hi}4ic ? UL?|h@t|c u |i }Lih?4i?| tit |L Mi?i| |i
hU t@iht @| |i i Ti?ti Lu TLLh t@iht |i? | U@? t4T*) ?Uhi@ti |i hi@* ML?_ hi|h?
h@|i -Kc U ** U@ti -_ |L htic @?_ Lgti| |i hii?i *Ltt M) hi_U?} -6 Aihi t ?L
?i| U@?}i ? hii?ic U 4i@?t |ihi t ?L ?ii_ |L U@?}i |i hitihi h@|L @?_ | |
2f|i i*u@hi Lu |i ?|@* L*_ Atc hiT*@U?} @ Uhhi?U) hitihi hi^hi4i?| | @ ML?_
hitihi hi^hi4i?| }it |i Ui?|h@* M@?! |i @M*|) |L ThUi _tUh4?@|i Mi|ii? |i TLLh
t@iht @?_ |i hU t@iht t i @i tii?c Liihc @__?} @ Uhhi?U) hitihi hi^hi4i?|
|L @ ML?_ hitihi hi^hi4i?| _Lit ?L| 4@|ih@**) ?Uhi@ti |i Ui?|h@* M@?!<t i M*|) ?
|t Lh @?) L|ih hi}@h_￿￿
 ? @*|ih?@|i 4L_i*
 ihi
W? |t tiU|L?c i i T*Lhi @ T*@tM*i @*|ih?@|i ihtL? Lu |i M@tU hitihi hi^hi4i?|t
4L_i* At ?i ihtL? Lu |i 4L_i* @**Lt t |L i T*@? ) tL4i }Lih?4i?|t @i
ULti? |L 4TLti }i??i 4*|T*i hitihi hi^hi4i?|t ?t|i@_ Lu LT|?} uLh t4T*ih hitihi
hi^hi4i?|t hi}4it
iuLhi i Mi}? Lh @?@*)ttc | 4@) Mi i*Tu* |L U*@hu) Uih|@? @tTiU|t Lu Lh @?@*)|U@*
@TThL@U h i T*@?@|L? uLh |i i t|i?Ui Lu 4*|T*i hitihi hi^hi4i?|t t M@ti_ L?
|i @tt4T|L? |@| |i Ui?|h@* M@?! ULLtit TL*Uit |@| 4@ 43i tLU@* i*u@hic }i?
46Jduf d gh Sdvr +4<<:, ghprqvwudwhv wkdw Urphu*v +4<;8, prgho lv vwloo pruh olplwhg= lw grhv qrw surylgh d
uroh iru d vhfrqg uhvhuyh uhtxluhphqw/ ru hyhq d vhfrqg jryhuqphqw oldelolw|1 Lq Urphu*v prgho/ dq| doorfdwlrq
vxssruwhg e| d pxowlsoh uhvhuyh uhtxluhphqw fdq eh vxssruwhg e| d vlqjoh fxuuhqf| uhvhuyh uhtxluhphqw1 Wklv
uhvxow vwhpv iurp wkh idfw wkdw Urphu lqwurgxfhv d irup ri lqwudjhqhudwlrqdo glyhuvlw| wkdw lv pxfk pruh
olplwhg wkdq wkh irupv lqwurgxfhg e| Hvslqrvd +4<<8, ru lq rxu dowhuqdwlyh prgho1
2|i TL*U) |LL*t | @t @@*@M*i 5?Ui Lh @?@*)tt t _it}?i_ |L _i?|u) |i @_@?|@}it
Lu }i??i 4*|T*i hitihi hi^hi4i?|t hi*@|i |L t4T*ih ti}?Lh@}i hi}4itc i @tt4i
|@| |i Ui?|h@* M@?! @t @UUitt |L i @U|*) |i |LL*t | ?ii_t |L 4TLti @ 4*|T*i hitihit
hi}4i | @?) TL*U) ti||?}t Ehitihi h@|Lt @?_ hi|h? h@|it | _ithitc tMiU| |L tL4i
UL?t|h@?|t 4TLti_ M) |i ?_ih*)?} iUL?L4U i?hL?4i?| Ai @*|ih?@|i ti}?Lh@}i
hi}4it i UL?t_ih @hi tTiU@* U@tit Lu 4*|T*i hitihit hi}4itc tL |t @tt4T|L? @*tL
}it |i Ui?|h@* M@?! |i |LL*t | ?ii_t |L 4TLti @?) Lu |iti hi}4it
t _gihi?| Ui?|h@* M@?!t 4@) @i _gihi?| tLU@* i*u@hi u?U|L?tc | L*_ ?L| 4@!i
ti?ti |L M@ti Lh @?@*)tt L? @ t?}*i u?U|L? Lh @ t?}*i U*@tt Lu u?U|L?t W?t|i@_c i
@_LT| @? @}?Lt|U @TThL@U M) _ih?} hit*|t |@| _i?|u) |i _t|?U|i U@h@U|iht|Ut
Lu R?tTTLh|@M*i @**LU@|L?t Q @**LU@|L?t |@| U@? Mi tTTLh|i_ M) 4*|T*i hitihi hi
^hi4i?|tc M| ?L| M) t4T*ih ti}?Lh@}i hi}4it `i !?L |iti @**LU@|L?t ** 4@ 43i
tLU@* i*u@hi uLh tL4i tLU@* i*u@hi u?U|L?t￿e c￿D `i ThL_i i @4T*it |L _i4L?t|h@|i
47Dq h{fhswlrq zrxog eh fdvhv lq zklfk wkhvh doorfdwlrqv zhuh Sduhwr grplqdwhg e| rwkhu doorfdwlrqv vxs0
sruwdeoh e| pxowlsoh uhvhuyhv uhjlphv1 Lq prghov ri wklv jhqhudo w|sh/ uhvhuyh uhtxluhphqwv uhjlphv zloo
vxssruw doorfdwlrqv wkdw fdqqrw eh Sduhwr grplqdwhg e| rwkhu vxfk uhjlphv dv orqj dv wkh| dyrlg ryhuwd{d0
wlrq  wkdw lv/ dv orqj dv wkh| dyrlg srolf| vhwwlqjv lq zklfk lqfuhdvlqj wkh lpsolflw vhljqlrudjh wd{ udwh/ e|
uhgxflqj uhwxuq udwhv rq uhvhuydeoh dvvhwv dqg2ru lqfuhdvlqj uhvhuyh udwlrv/ zrxog uhgxfh wkh uhyhqxh iurp
vhljqlrudjh1 Wklv srlqw lv pdgh e| Urphu +4<;8,/ dqg lw lv glvfxvvhg dw ohqjwk e| Hvslqrvd dqg Uxvvvhoo
+4<<<,1 Rxu dqdo|vlv lpsolflw| dvvxphv wkdw ryhuwd{dwlrq lv qrw rffxuulqj/ dqg zh wdnh fduh wr dyrlg lw lq
rxu h{dpsohv1
48Vlqfh wkhuh pd| eh pdq| vshflfdwlrqv wkdw jlyh ulvh wr doorfdwlrqv zlwk wkh lqglfdwhg fkdudfwhulvwlfv/
lw zrxog eh pruh suhflvh wr vd| wkdw iru hdfk vshflfdwlrq wkdw vxssruwv dq doorfdwlrq zlwk wkh lqglfdwhg
fkdudfwhulvwlfv/ wkhuh lv vrph vrfldo xwlolw| ixqfwlrq xqghu zklfk wkdw doorfdwlrq +dqg wkh srolf| vhwwlqj wkdw
vxssruwv lw, pd{lpl}hv vrfldo zhoiduh1
22|@| Lh hit*|t @hi ?L?@ULt Aiti i @4T*it UL?tt| Lu T@h|U*@h 4L_i* tTiUU@|L?t
|@| @i 4*|T*i hitihit i^*Mh@ |@| tTTLh| @**LU@|L?t | |i ?_U@|i_ U@h@U|ih
t|Ut W? i@U U@tic i ThL_i @ T@h|U*@h tTiUU@|L? Lu @? ?_hiU| tLU@* |*|) u?U|L?
Lu @ t4T*ic t|@?_@h_ |)Ti ?_ih U |i i^*Mh4 @**LU@|L? 4@ 43it tLU@* i*u@hi
At u?U|L? t _itUhMi_ @| |i Mi}???} Lu |i @TTi?_ 
u|ih i t|@|i Lh 4@Lh hit*|tc i ThL_i _tUttL?t ? U i *?! |i @**LU@|L?
U@h@U|iht|Ut i _i?|u) |L do |i ui@|hit Lu |i tTiUU@|L?t @?_ |i TL*U) ti||?}t
|@| 4}| }i?ih@|i @**LU@|L?t | |iti U@h@U|iht|Ut @?_ d2o |i ?@|hi Lu |i tLU@*
i*u@hi u?U|L?t ?_ih U @**LU@|L?t | |iti U@h@U|iht|Ut 4}| Mi LT|4@* Aiti
_tUttL?t @hi ?|i?_i_ |L ThL_i ?t}|t ?|L @ ?4Mih Lu 4TLh|@?| ^it|L?tG @| !?_t
Lu iUL?L4it 4}| Mi i TiU|i_ |L @i 4*|T*i hitihit hi}4itc @| !?_t Lu 4*|T*i
hitihi hi}4it |iti iUL?L4it 4}| Mi i TiU|i_ |L @ic @?_ @| !?_t Lu 4L|it 4}|
*i@_ Ui?|h@* M@?!t |L 4TLti 4*|T*i hitihit hi}4it ? |iti iUL?L4it
2 5TiUU@|L?
h @*|ih?@|i 4L_i* i*4?@|it |i ui@|hi Lu |i Lh}?@* 4L_i* |@| @UUL?|t uLh |t ?@M*
|) |L ThL_i @ tiu* hL*i uLh Uhhi?U) hitihi hi^hi4i?|t i? ML?_ hitihi hi^hi4i?|t
2@hi @@*@M*iG |i @tt4T|L? |@| @| Uhhi?U) t |i L?*) @tti| |@| U@? Mi i*_ M) TLLh
t@iht `i ** hiuih |L tTiUU@|L?t Lu Lh @*|ih?@|i 4L_i* @t R*@tt  iUL?L4itc *i
tTiUU@|L?t Lu |i Lh}?@* 4L_i* ** tL4i|4it Mi U@**i_ R*@tt  iUL?L4it W? *@tt 
iUL?L4itc TLLh t@iht hi|@? |i LT|L? |L L*_ Uhhi?U)c M| |i) U@? @*tL _iTLt| u?_t ?
M@?!t |@| ?it| ? @ _L4it|U t|Lh@}i |iU?L*L}) | }hLtt h@|i Lu hi|h? f 6Lh ThTLtit
Lu t4T*U|)c i @tt4i f ' -￿S `i |?! Lu |iti iUL?L4it @t ihtL?t Lu |i Lh}?@*
iUL?L4it ? U |i }Lih?4i?| @t @|Lh3i_ |i it|@M*t4i?| Lu R?@|L?@* M@?!t
Aiti M@?!t tti *@M*|it ? _i?L4?@|L?t t4@** i?L} |L Mi @UUittM*i |L TLLh t@ihtc
M| |i) @hi Tih4||i_ |L @U^hi L?*) _L4it|U @tti|t `i ** hiuih |L |i M@?!t |@| 4@)
?it| ? uLhi}? tiUh|it @t R?|ih?@|L?@* M@?!t Ai *@M*|it tti_ M) |iti M@?!t @hi
@UUittM*i |L hU t@iht M| ?L| TLLh t@ihtc @t ? |i Lh}?@* 4L_i* +U t@iht @*tL @i
|i LT|L? Lu L*_?} ?@|L?@* M@?! _iTLt|t @?_%Lh Uhhi?U)
`i |?! Lh *@tt  iUL?L4it U@T|hi @? 4TLh|@?| @tTiU| Lu |i ?@?U@* t)t|i4
? 4U Lu |i _ii*LT?} Lh*_ *|L} |i UL44L? TiLT*i @i tL4i @UUitt |L |i
M@?!?} t)t|i4c |i M@?!?} ?t|||L?t |@| tihi |i4 @hi Lu|i? ^|i _gihi?| uhL4 |i
?t|||L?t |@| tihi i@*|ih ti}4i?|t Lu |i TLT*@|L?c @?_ |i h@?}i Lu M@?! *@M*|it
49D qrwh lq wkh frqfoxglqj vhfwlrq glvfxvvhv vrph ri wkh lpsolfdwlrqv ri shuplwwlqj [?U / zklfk pd| vhhp
olnh d pruh uhdvrqdeoh dvvxpswlrq1
2e@@*@M*i |L |i4 t |)TU@**) ?@hhLih @?_ *itt @||h@U|i |@? |i h@?}i Lu *@M*|it @@*@M*i
|L i@*|ih }hLTt W? @__|L?c |i @tt4T|L? |@| ML| |)Tit Lu t@iht @i @UUitt |L
Uhhi?U)c U @t @*tL 4@_i M) ,tT?Lt@ EbbDc hiiU|t |i u@U| |@| Uhhi?U) UL?|?it
|L T*@) @? ?_tTi?t@M*i hL*i @t @? ?|h@|i4TLh@* 4i_4 Lu i U@?}i
W? |i 4Lt| }i?ih@* ihtL? Lu Lh @*|ih?@|i 4L_i*c |i Ui?|h@* M@?! L*_ @i |i
TLih |L 4TLti _gihi?| Uhhi?U) @?_ ML?_ hitihi hi^hi4i?|t L? ML| |)Tit Lu M@?!t
Atc | L*_ i*_ t TL*U) ?t|h4i?|tG |L hi|h? h@|it EL? Uhhi?U) @?_ ML?_t @?_
uLh hitihi h@|Lt At ihtL? Lu |i 4L_i* t *@_ L| ? |i @TTi?_  W| |h?t L|c
Liihc |@| @?) @**LU@|L? tTTLh|@M*i M) @ ti}?Lh@}i hi}4i Lu |t |)Ti U@? @*tL Mi
tTTLh|i_ M) @ hi}4i ? U |i }Lih?4i?| 4TLtit L?*) |L hitihi hi^hi4i?|tG @
t?}*i Uhhi?U) hitihi hi^hi4i?| L? |i ?@|L?@* M@?!t @?_ @ t?}*i ML?_ hitihi hi^hi
4i?| L? |i ?|ih?@|L?@* M@?!t At hit*|c U i t|@|i @t wi44@ c uL**Lt h@|ih
|h@**) uhL4 hLTLt|L?  uLh *@tt  iUL?L4it￿.
W? i Lu wi44@ c i UL??i Lhti*it |L t|_)?} 4*|T*i hitihit hi}4it Lu |i
|Lhitihih@|L |)Ti `i ** UL?|?i |L *i| -6 hiThiti?| |i h@|i Lu hi|h? L? Uhhi?U)
@?_ |L *i| -K hiThiti?| |i h@|i Lu hi|h? L? }Lih?4i?| ML?_t `i ** *i| w6 hiThiti?|
4:Lq Fodvv E hfrqrplhv wkhuh lv qr qrq0uhvhuyh ghpdqg iru fxuuhqf|/ vr iru sxusrvhv ri irupdo dqdo|vlv
zh duh iuhh wr wklqn ri fxuuhqf| dv d vhfrqg w|sh ri jryhuqphqw erqg wkdw lv dydlodeoh lq uhodwlyho| vpdoo
ghqrplqdwlrqv1
2D|i Uhhi?U) hitihi h@|L 4TLti_ L? ?@|L?@* M@?!t @?_ wK |i ML?_ hitihi h@|L 4TLti_
L? ?|ih?@|L?@* M@?!t `i ** *i| -o
_E| _i?L|i |i }hLtt h@|i Lu hi|h? L? _iTLt|t ? |i
?|ih?@|L?@* M@?!t @| _@|i | @?_ -
R
_E| |i }hLtt h@|i Lu hi|h? L? _iTLt|t ? |i ?@|L?@*




_E| h @tt4T|L?t @ML| |i ThLTih|it Lu |iti u?U|L?t ** Mi
_i?|U@* |L |Lti i 4@_i @ML| _E- ? |i ThiLt tiU|L? `i ** LUU@tL?@**) ti |i
@MMhi@|L?t _R ' _RE-
R
_c _o ' _oE-o




 *|T*i hitihit i^*Mh@
Bi? -:c C:fc @?_ Ef : fc @ M?_?} t|@|L?@h) 4*|T*i hitihit i^*Mh4 ?
|t 4L_i* U@? Mi U@h@U|ih3i_ @t ?L??i}@|i @*it w6c wKc -6c -Kc -
R
_c -o
_ @?_ @ TLt|i
@*i RE |@| t@|tu) w6 5 Efcoc wK 5 Efcoc
f 	- K 	- Ef







_ 'E  w6- n w6-6 E2
-
o
_ 'E  wK- n wK-K E








_E  e 
@?_






_  6fE  D 
ihi 6f  Ef*RE
L|i |@| ? E |i ?i^@*|) -6 	-
R
_ t @ UL?ti^i?Ui Lu Lh @tt4T|L? |@| TLLh
t@iht @i @UUitt |L Uhhi?U)c *i -
R
_ 	- o
_ t @ UL?ti^i?Ui Lu Lh @tt4T|L? |@|
hU t@iht @i @UUitt |L ?@|L?@* M@?! _iTLt|t Aiti ?i^@*|it 4TLti UL?t|h@?|t L?
Ui?|h@* M@?! TL*U) |@| ** T*@) @? 4TLh|@?| hL*i ? |i @?@*)tt Thiti?|i_ Mi*L
`i U@? ?L _i?i @ hitihi hi^hi4i?|t TL*U) ti||?} Ew6cw Kc- 6c- K @?_ |i @ttL
U@|i_ RTM*U @?_ Th@|i @**LU@|L? ECc6fc-
R
_c- o
_ ? itti?|@**) |i t@4i 4@??ih @t ?
|i ThiLt tiU|L? W| tL*_ Mi ?L|i_c Liihc |@| ? *@tt  iUL?L4it |i Uhhi?U)
hi|h? h@|i -6 t @? i*i4i?| Lu |i TL*U) ti||?}c M| | t ?L *L?}ih @? i*i4i?| Lu |i
@ttLU@|i_ @**LU@|L?G |i i*u@hi Lu |i TLLh t@iht ?L _iTi?_t ?^i*) L? -
R
_c |i h@|i
Lu hi|h? L? ?@|L?@* M@?! _iTLt|t `i ** UL?|?i |L ti |i |ih4 R}i??i 4*|T*i
hitihit hi}4it |L _itUhMi 4*|T*i hitihit hi}4it ? U ML| |i Uhhi?U) @?_ ML?_
hitihi h@|Lt @?_ hi|h? h@|it @hi TLt|i @?_ _gihi?| uhL4 i@U L|ih
2.W? *@tt  iUL?L4it i U@? hi_i?i















e hLtTiU|t uLh t4T*ih hi}4it
Ai *@tt  iUL?L4it ThL_i @ T*@tM*i uLh4@* i?hL?4i?| ? U |i t4T*it| |)Ti
Lu hitihi hi^hi4i?|t hi}4i Q @ t?}*i hitihi hi^hi4i?| EUhhi?U) Lh ML?_ 4TLti_
L? @** M@?!t @| |i t@4i h@|L Q ** ?L| 4@ 43i tLU@* i*u@hic i UiT| ? tTiU@* U@tit
Ai Ui?|h@* M@?! U@? ?L *L?}ih i@h? ti}?Lh@}i uhL4 TLLh t@iht |L| uLhU?} |i4 |L
L*_ Uhhi?U) t?} @ hitihi hi^hi4i?|c @?_ @ t4T*i Uhhi?U) hitihi hi^hi4i?| L*_
*i@i ML| |)Tit Lu t@iht u@U?} |i t@4i h@|i Lu hi|h?￿H Ai Ui?|h@* M@?! UL?ti^i?|*)
L*_ *Lti |i @M*|) |L ti _gihi?|@* hi|h? h@|it |L UL?_U| tLU@* i*u@hi4ThL?}
ThUi _tUh4?@|L?
4;Wklv vwdwhphqw zrxog dovr eh wuxh ri d vlqjoh erqg uhvhuyh uhtxluhphqw lpsrvhg rq doo edqnv dw wkh vdph
uhvhuyh udwlr1 Iru uhdvrqv ghvfulehg ehorz/ krzhyhu/ zh zloo qrw frqvlghu uhjlphv wkdw gr qrw ihdwxuh d
fxuuhqf| uhvhuyh uhtxluhphqw lpsrvhg rq dw ohdvw rqh w|sh ri edqn1 Vlqfh d vlpsoh vlqjoh fxuuhqf| uhvhuyh
uhtxluhphqw +lpsrvhg rq doo edqnv dw wkh vdph udwlr, lv d vshfldo fdvh ri wzr ri wkh dowhuqdwlyh uhjlphv zh
vwxg| ehorz/ wkh uhvxow wkdw pxowlsoh uhvhuyhv uhjlphv fdq lpsuryh vrfldo zhoiduh uhodwlyh wr wkhvh dowhuqdwlyh
uhjlphv lpsolhv wkdw lw fdq fdq lpsuryh vrfldo zhoiduh uhodwlyh wr d vlpsoh vlqjoh uhvhuyh uhjlph1 Frqvhtxhqwo|/
z hg rq r ws u r y hw k ho d w w h uu h v x o wv h s d u d w h o | 1
2He A)Tit Lu hi}4it
? |i L|ih @?_c *@tt  iUL?L4it tTTLh| t|h@|i}it uLh ThL_U?} _gihi?|@* hi|h?
h@|it |@| @hi 4Lhi UL4T*i |@? @ t4T*i Uhhi?U) hitihi hi^hi4i?|c M| *itt UL4T*i 
|@? @ }i??i 4*|T*i hitihi hi^hi4i?| 6Lh i @4T*ic | t t|** TLttM*i uLh @ hi}4i
| @ t?}*i hitih@M*i *@M*|) Q Thit4@M*)c Uhhi?U) Q |L UL?uhL?| _gihi?| |)Tit Lu
t@iht | _gihi?| _iTLt| hi|h? h@|it Ai Ui?|h@* M@?! U@? @UUL4T*t |t M) 4TLt?}
@ _gihi?| Uhhi?U) hitihi h@|L L? i@U |)Ti Lu M@?! +i}4it Lu |t |)Ti @hi UL44L? ?
ML| _ii*LT?} @?_ _ii*LTi_ UL?|hitc ?U*_?} |i N?|i_ 5|@|itc @?_ | L*_ ?L| tii4
hi@tL?@M*i |L _itUhMi |i4 @t ui@|h?} R4*|T*i hitihit *|ih?@|i*)c |i }Lih?4i?|
UL*_ 4TLti @ UL44L? hitihi h@|L L? ML| |)Tit Lu M@?!t *i hi^h?} i@U |)Ti Lu
M@?! |L L*_ @ hitih@M*i *@M*|) | @ _gihi?| hi|h? h@|i *|L} tL4i 4}| @h}i
|@| @ hi}4i | |L _gihi?| hitih@M*i *@M*|it ^@*it @t @ 4*|T*i hitihit hi}4ic
|i UL44L? hitihi h@|L 4@!it hi}4it Lu |t |)Ti 4@|ih@**) t4T*ih |@? |i 4*|T*i
hitihit hi}4it i @U|@**) LMtihi Etii 5iU|L? e Mi*L
2be2 hi*4?@h) @?@*)tt
Ai ?i | tiU|L? Lu |t T@Tih |it|t |i @M*|) Lu *@tt  iUL?L4it |L i T*@? |i i t|i?Ui
Lu }i??i 4*|T*i hitihit hi}4it W| @UUL4T*tit |t |@t! M) _i|ih4??} i|ihc @?_
?_ih @| UL?_|L?tc t4T*ih hi}4it Lu |i |)Tit t| _itUhMi_ U@? tTTLh| |i t@4i
TM*U @?_ Th@|i @**LU@|L?t @t }i??i 4*|T*i hitihit hi}4it iuLhi i Mi}? |t
ThLUittc i Thiti?| @ Thi*4?@h) @?@*)tt U UL?h4t |@| |t t @ ^it|L? Lu tUi?|
_iT| |L 4ih| uh|ih ?it|}@|L?
?i ui@|hi Lu *@tt  iUL?L4it U t}}it|t |@| }i??i 4*|T*i hitihi hi^hi
4i?|t 4@) UL?|?i |L Mi tTihLt t |@| |i ?4Mih Lu i*u@hi |@h}i|t u@U?} |i Ui?|h@*
M@?! @t ?L| ?Uhi@ti_ W? |i *@tt  iUL?L4itc |ihi @hi |hii i*u@hi |@h}i|tG |i hi|h?
h@|it u@U?} |i TLLh @?_ hU t@iht @?_ |i hi@* M@*@?Uit Lu |i ?|@* L*_ `i tLi_
? hLTLt|L?  |@| |i Ui?|h@* M@?! ?ii_t |hii TL*U) ?t|h4i?|t ? Lh_ih |L | |iti
|@h}i|tG |L }Lih?4i?| *@M*|) hi|h? h@|it @?_ L?i EML?_ hitihi h@|L Aihi t ?L ?ii_
uLh @ uLh| TL*U) ?t|h4i?| ? |i uLh4 Lu @ tiUL?_ EUhhi?U) hitihi h@|Lc tL |ihi t
?L ?ii_ uLh 4*|T*i hitihit hi}4it *@tt  iUL?L4it _gih uhL4 *@tt  iUL?L4it ?
|@| hitihi hi^hi4i?|t @hi M?_?} L? ML| |)Tit Lu u** *i_ LtiL*_c tL |@| @ t4T*i
t?}*i hitihi hi^hi4i?| ?L *L?}ih ThL_it |i Ui?|h@* M@?! | |hii _t|?U| TL*U)
f?t|h4i?|t | |ihi @hi t|** L?*) |hii i*u@hi |@h}i|tc tL | tii4t hi@tL?@M*i |L tTTLti
|@| |ihi 4@) t|** Mi ?L ?ii_ uLh 4Lhi |@? |hii TL*U) ?t|h4i?|t
Aihi tc Liihc @ 4Lhi tM|*i @?@*L}) Mi|ii? |i *@tt  @?_ *@tt  iUL?L4it
|@| h@tit _LM| |@| |hii TL*U) ?t|h4i?|t ** @*@)t Mi tUi?| W? Lh_ih |L _ii*LT
|t @?@*L})c i ?ii_ |L t@) 4Lhi @ML| |i ?@|hi Lu |i TL*U)ti||?} ?_i|ih4?@U) |@|
U@h@U|ih3it 4*|T*i hitihit hi}4it ? *@tt  iUL?L4it ,^@|L?t Eec ES @?_ E.
@MLi U@? Mi tL? |L @i |i uL**L?} 4T*U@|L?G ? @ *@tt  iUL?L4)c |i TM*U @?_
Th@|i @**LU@|L? ECc6fc-6c-_ U@? Mi tTTLh|i_ @t @ 4*|T*i hitihit i^*Mh4 M)





n -KwK ' -_  E  w-cE  H 
ihi w t |i ?^i @*i Lu w  w6 n wK |@| t@|tit
6f ' -6 6E-6n
k
-_  E  w-
l
_E-_ Eb
Atc ii? @u|ih |i Ui?|h@* M@?! @t ti*iU|i_ @ T@h|U*@h @**LU@|L? Q Uc ? *@tt
 iUL?L4itc  it |i @*i Lu -6 Q | hi|@?t @ }LL_ _i@* Lu i M*|) ? ULLt?} |i
|hii hi4@??} TL*U) @h@M*it W| @TTi?tc 4LhiLihc |@| |ihi t L?i t4T*i t|h@|i}) uLh
ULLt?} @*it Lu |iti @h@M*it |@| ** @*@)t @*@)t tTTLh| |i _ithi_ @**LU@|L? At
t|h@|i})c U ?L*it ti||?} wK ' w @?_ |t w6 ' fc t @ t?}*i ML?_ hitihi hi^hi4i?|
? |i L|ih @?_c 4@?) @*|ih?@|i t|h@|i}it uLh hi_U?} |i _4i?tL?@*|) Lu |i
TL*U) iU|Lh Q |@| tc uLh UL?t|hU|?} t4T*ih hitihi hi^hi4i?|t hi}4it Q |@| **
?L| @*@)t tUUii_ ? tTTLh|?} _ithi_ 4*|T*i hitihit @**LU@|L?t t i @i tii?c
uLh i @4T*ic |i Ui?|h@* M@?! t@**) U@??L| ULLti wK ' f Q @ t?}*i Uhhi?U) hitihi
hi^hi4i?| Q MiU@ti u | _Lit |i? ?L @*i Lu -K ** t@|tu) i^@|L? EH W? u@U|c
4@?) @*it Lu wK |@| i Uii_ 3ihL 4@) Mi h*i_ L| M) |i u@U| |@| |i hi^hi_ @*i Lu -K
** i Uii_ -￿b Ai u@U| |@| |i Ui?|h@* M@?! U@??L| 4@!i TL*U) ULUit |@| U@ti -6
|L i Uii_ -_ Q L|ihtic |i hU t@iht ** @M@?_L? M@?! _iTLt|t ? u@Lh Lu Uhhi?U)
Q 4@!it t|@|L?t Lu |t |)Ti 4Lhi *!i*) ?L|ih t4T*i TL*U) ULUi |i Ui?|h@* M@?!
U@??L| @*@)t 4@!i t -K ' fc U @4L?|t |L hiT*@U?} |i ML?_ hitihi hi^hi4i?|
| @ |@ L? _iTLt|t N?_ih @ hi}4i Lu |t tLh|c |i hi^hi_ @*i Lu wK 4@) i Uii_ wc
U 4i@?t w6 t ?i}@|i
Atc 4@?) t|h@|i}it uLh tTTLh|?} 4*|T*i hitihit @**LU@|L?t M) ti||?} T@h|U*@h
TL*U) @h@M*it @| @*it |@| ThL_Ui t4T*ih ti}?Lh@}i hi}4it @hi ?L| @*@)t ui@tM*i
? *@tt  iUL?L4it Aiti t|h@|i}it @hi uht|h@|i_ M) |i u@U| |@| |i) 4@) hi^hi |i
Ui?|h@* M@?! |L ti| L|ih TL*U) @h@M*it @| @*it |@| @hi ?UL?tt|i?| | UL?t|h@?|t
4<Wkh jryhuqphqw fdq lvvxh uhvhuydeoh erqgv zlwk jurvv uhdo uhwxuq udwhv lq h{fhvv ri xqlw| e| fryhulqj
wkh uhvxowlqj lqwhuhvw orvvhv zlwk uhyhqxh iurp fxuuhqf| vhljqlrudjh1 Krzhyhu/ wkh jryhuqphqw fdqqrw lvvxh
erqgv zlwk jurvv uhdo udwhv kljkhu wkdq U ehfdxvh wkh edqnv zrxog suhihu wkhp wr sulydwho| lvvxhg erqgv1
24TLti_ M) |i iUL?L4U i?hL?4i?| W| @TTi?tc @t i @i ?_U@|i_c |@| |ihi t @
L?i hi*@|i*) t4T*i tTTLh|?} hi}4i |@| do ?iih hi^hit L*@|?} |iti UL?t|h@?|tc
d2o t U*i@h*) t4T*ih |@? @ }i??i 4*|T*i hitihit hi}4i @?_ do @t @ ?@|h@* iUL?L4U
?|ihThi|@|L? At t |i t?}*i ML?_ hitihi hi^hi4i?| hi}4i | t |i i t|i?Ui Lu
@ hi*@|i*) t4T*i hi}4i | ThLTih|it dodo @ U@h@U|iht|U ui@|hi Lu iUL?L4it Lu |t
}i?ih@* |)Tic Lh t | @? @h|u@U| Lu |i tTiU@* ui@|hit Lu *@tt  iUL?L4itq Ai @?tih
_Lit ?L| tii4 LMLt
































|t t?}*i i^@|L?c |ihi ** Mi @ *i}|4@|i iU|Lh Ew6cw K Q |@| tc @ iU|Lh ?t_i




_ W| uL**Lt |@| @?) iU|Lht E-6c- K |@| t@|tu)
i^@|L? E2f U@? Mi T@h| Lu 4*|T*i hitihit TL*U) ti||?}t |@| tTTLh| Lh @**LU@|L?2f
OLiihc 4Lt| Lu |iti iU|Lht ** ThL_Ui _gihi?| E|L} i^@*i?| tTiUU@|L?t Lu
}i??i 4*|T*i hitihit hi}4itc h@|ih |@? hi}4it Lu @?) t4T*ih |)Ti 54T*ih hitihi
53D vxssruwlqj uhvxow wkdw lv xvhixo khuh dqg hovhzkhuh/ dqg zklfk lv vwdwhg dqg suryhg lq wkh dsshqgl{ dv




g>, lv d sxeolf dqg sulydwh doorfdwlrq/ wkhq dq| pxowlsoh uhvhuyhv srolf|




g,d o v rv x s s r u w vJ1
hi^hi4i?|t hi}4it U@? Mi U@h@U|ih3i_ ? |ih4t Lu @__|L?@* hit|hU|L?t L? -6 @?_ -K
6Lh i @4T*ic @ hi}4i ? U Uhhi?U) t |i L?*) }Lih?4i?| *@M*|)c M| |ihi @hi |L
hitihi h@|Ltc t |i tTiU@* U@ti Lu @ 4*|T*i hitihit hi}4i ? U -K ' -6W |_ L i t
?L| tii4 44i_@|i*) LMLt |@| i^@|L? E2f ** @*@)t @i @ tL*|L? e -6 t@|tu)?}
-6 ' -K ' e -6c @?_ | t ii? *itt LMLt |@| tU @ tL*|L? ** ?iUitt@h*) t@|tu)
e -6 5 dfc-
R
_ Wu ?L|c |i? Lh @**LU@|L? U@??L| Mi tTTLh|i_ M) @ t4T*i TL*U) Lu |t
|)Ti2￿
?L|ih hi*@|i*) t4T*i ti}?Lh@}i hi}4i L*_ ui@|hi @ UL44L? hitihi h@|L uLh
Uhhi?U) @?_ ML?_t i*_ M) ?@|L?@* @?_ ?|ih?@|L?@* M@?!tc hitTiU|i*)c tL |@| |ihi
L*_ Mi |L hitih@M*i *@M*|it | _gihi?| hi|h? h@|it M| L?*) L?i hitihi h@|L 










cE 2  
t?Ui i^@|L?t E2 @?_ E 4T*) w6 'E -  -
R
_*E-  -6 @?_ wK 'E -  -o
_*E-  -Kc
hitTiU|i*) }@? | _Lit ?L| tii4 U*i@h |@| i^@|L? E2f ** @*@)t dLh iiho @i @
tL*|L? |@| t@|tit i^@|L? E2c @?_ | tii4t ii? *itt U*i@h |@| tU @ tL*|L? **
?iUitt@h*) t@|tu) ML| e -6 5 dfc-
R
_ @?_ e -K 5 dfc-
R
_
54Hvslqrvd dqg Uxvvhoo +4<<<, vkrz wkdw lq Fodvv D hfrqrplhv/ dq doorfdwlrq vxssruwdeoh e| d pxowlsoh
uhvhuyhv uhjlph zlwk Ue AU p fdq qhyhu eh vxssruwhg e| d uhjlph zlwk Ue @ Up1
eD hLTih|it Lu t4T*ih hi}4it
t i @i ?_U@|i_c L?i 4T*U| @tt4T|L? |@| ?_ih*it Lh @?@*)tt Lu *@tt  iUL?L4it
t |@| }Lih?4i?| Uhhi?U) T*@)t @? ?_tTi?t@M*i hL*i @t @? ?|h@|i4TLh@* 4i_4 Lu i 
U@?}i `i _h@ tL4i @__|L?@* 4T*U@|L?t uhL4 |t @tt4T|L? @?_ ti |i4 |L ?@hhL
|i h@?}i Lu @*|ih?@|i ti}?Lh@}i hi}4it i t|_) W? T@h|U*@hc i @tt4i |@| |i Ui?
|h@* M@?! t UL?t|h@?i_ |L tti @| *i@t| L?i *@M*|) Q Uhhi?U) Q |@| t @UUittM*i |L
@** |)Tit Lu LtiL*_tc @?_ |@| | t @*tL UL?|h@?i_ |L |@!i t|iTt |L i?thi |@| |ihi t
@ t|LU! _i4@?_ uLh |t *@M*|) W? *@tt  iUL?L4itc |i i t|i?Ui Lu @ t|LU! _i4@?_
uLh Uhhi?U) t i?thi_ M) |i hi*@|i*) i |hi4i @tt4T|L? |@| Uhhi?U) t |i L?*) @tti|
TLLh t@iht U@? L*_ W? *@tt  iUL?L4itc ihi |t t ?L *L?}ih |i U@tic _i4@?_ uLh
}Lih?4i?| *@M*|it U@? Mi i?thi_ L?*) |hL} hitihi hi^hi4i?|t Atc i @tt4i
|@| |i }Lih?4i?| 4t| 4TLti @ Uhhi?U) hitihi hi^hi4i?| L? @| *i@t| L?i Lu |i |L
|)Tit Lu M@?! t @ hit*|c i? i t|_) hi*@|i*) t4T*i ti}?Lh@}i hi}4it | @ t?}*i
hitih@M*i *@M*|) i @tt4i |@| |i t?}*i *@M*|) 4t| Mi Uhhi?U)c ?L| ML?_t Atc
i t|_) hi}4it ? U i@U |)Ti Lu M@?! 4t| L*_ Uhhi?U) hitihit @| @ _gihi?| h@|Lc
M| i _L ?L| t|_) hi}4it ? U i@U M@?! 4t| L*_ ML?_ hitihit @| @ _gihi?| h@|L
Dw@|ihc i? i i |i?_ Lh @?@*)tt |L ?U*_i _iTLt| |@ itc i t|_) hi}4it ? U |i
Ui?|h@* M@?! 4TLtit @ _iTLt| |@ L? L?i |)Ti Lu M@?! T*t @ Uhhi?U) hitihi hi^hi4i?|
L? L?i Lh ML| |)Tit Lu M@?!tc M| i _L ?L| t|_) hi}4it ? U | 4TLtit @ _iTLt|
|@ L? L?i M@?! T*t @ ML?_ hitihi hi^hi4i?|c Lh @ _iTLt| |@ L? ML| M@?!t M| ?L
hitihi hi^hi4i?|
D +i}4it | @ t?}*i hitih@M*i *@M*|)
`i Mi}? M) ?it|}@|?} |i i |i?| |L U | t TLttM*i uLh |i Ui?|h@* M@?! |L tTTLh|
TM*U @?_ Th@|i @**LU@|L?t | ti}?Lh@}i hi}4it ?L*?} @ t?}*i Uhhi?U) hitihi
hi^hi4i?| | |L _gihi?| hitihi h@|Lt Q L?i uLh ?@|L?@* M@?!t @?_ |i L|ih uLh
?|ih?@|L?@* M@?!t `i ** hiuih |L hi}4it Lu |t |)Ti @t R_@* Uhhi?U) hitihit E#+
hi}4it
 _@* Uhhi?U) hitihit i^*Mh4 U@? Mi _i?i_ @t @ 4*|T*i hitihit i^*Mh4 ?
U -K ' -6 Ai UL?_|L?t uLh @ _@* Uhhi?U) hitihit i^*Mh4 @hi |t _i?|U@* |L
|Lti uLh @ 4*|T*i hitihit i^*Mh4 i UiT| |@| UL?_|L? Ef U@? Mi L4||i_c UL?_|L?t
E2 @?_ E U@? Mi hiT*@Ui_ M)
-
R
_ 'E  w6- n w6-6 E22
S-
o
_ 'E  wK- n wK-6 cE 2  
hitTiU|i*)c @?_ UL?_|L? Ee U@? Mi hiT*@Ui_ M)







5?Ui @ _@* Uhhi?U) hitihit hi}4i U@? Mi _i?i_ @t @ tTiU@* U@ti Lu @ 4*|T*i hitihit
hi}4ic @?) #+ i^*Mh4 @**LU@|L? t @ TM*U @?_ Th@|i E|@| tc @ 4*|T*i hitihit
@**LU@|L? OLiihc |i UL?ihti t ?L| @*@)t |hi hLTLt|L? 2 _i?|it ?iUitt@h)
@?_ tUi?| UL?_|L?t ?_ih U @**LU@|L?t tTTLh|@M*i M) }i??i 4*|T*i hitihi
hi^hi4i?|t U@??L| Mi tTTLh|i_ M) _@* Uhhi?U) hitihi hi^hi4i?|t  _t|?U|i
ui@|hi Lu |iti @**LU@|L?t t |@| |i L?*) 4*|T*i hitihit hi}4it |@| U@? tTTLh| |i4
@hi UL?i?|L?@* ? ?@|hi A@| tc |iti @**LU@|L?t U@? Mi tTTLh|i_ L?*) M) 4*|T*i
hitihit hi}4it ? U hitih@M*i }Lih?4i?| ML?_t )i*_ TLt|i ?L4?@* ?|ihit|
hLTLt|L? 2 W? *@tt  iUL?L4itc @ TM*U @?_ Th@|i @**LU@|L? t ?L| tTTLh|@M*i M)






Wu @? @**LU@|L? t@|tit |t UL?_|L?c |i? @?) 4*|T*i hitihit hi}4i |@| tTTLh|t |
4t| ?L*i -K : -6
AL LM|@? tL4i ?||L? @ML| hLTLt|L? 2c 4@}?i @ Ui?|h@* M@?! |h)?} |L tTTLh| @
T@h|U*@h 4*|T*i hitihit @**LU@|L? | @ _@* Uhhi?U) hitihit hi}4i Ai M@?! 4t|
.tti @ t?}*i hitih@M*i *@M*|)G Uhhi?U) W| 4t| ti*iU| |i Uhhi?U) hi|h? h@|ic T*t |L
hitihi h@|Ltc ? Lh_ih |L h@ti |i hi^hi_ ti}?Lh@}i hii?i Cc !iiT |i hi@* M@*@?Uit Lu






kiiT?} |i hi@* M@*@?Uit Lu |i ?|@* L*_ @| 6f hi^hit  ?} |i @}}hi}@|i _i4@?_ uLh
Uhhi?U) hitihit @| @ *ii* i^@* |L |i @}}hi}@|i _i4@?_ uLh |L|@* hitihit ? |i Lh}?@*
4*|T*i hitihit i^*Mh4 Bi? |@| |L|@* Uhhi?U) _i4@?_ t  i_c |ihi t L?*) L?i
Uhhi?U) hi|h? h@|i |@| ** ThL_Ui |i hi^hi_ *ii* Lu ti}?Lh@}i hii?i At ?^i
Uhhi?U) hi|h? h@|i e -6 t @ i}|i_ @ih@}i Lu |i Uhhi?U) @?_ ML?_ hi|h? h@|it ? |i











R n wK _




R n wK _
o c
tL |@| |i i}|t _iTi?_ L? |i hi*@|i 4TLh|@?Ui Lu |i hitihit i*_ M) TLLh t hU





ThL_Uit |i t@4i i}|i_ @ih@}i
Ai Ui?|h@* M@?! 4t| ?L |h) |L @_t| |i |L hitihi h@|Lt w6 @?_ wK ? Lh_ih





** Mi TLttM*i @t *L?} @t e -6 _Lit ?L| i Uii_ -
R
_c |i h@|i Lu hi|h? L? |i _iTLt|t Lu |i
TLLh t@iht Wu | _Litc |i? |ihi ** Mi ?L ?@|L?@* M@?! hitihi h@|L *@h}i i?L} |L
ThL_Ui |i |@h}i| _iTLt| h@|iG ii? u |i Ui?|h@* M@?! 4TLtit ff TihUi?| hitihit L?
?@|L?@* M@?! _iTLt|t Ew6 '  | U@??L| _hi |i ?@|L?@* M@?! _iTLt| h@|i Mi*L e -6
Atc |i _@* Uhhi?U) hitihi hi}4i _Lit ?L| @*@)t ThL_i |i Ui?|h@* M@?! | |i
TL*U) i M*|) | ?ii_t |L ThUi _tUh4?@|i @}@?t| TLLh t@iht
,^@|L? E2S i T*@?t ) -K : -6 Q @ TLt|i ?L4?@* ML?_ h@|i ? @?) tTTLh|?}
4*|T*i hitihit hi}4i Q t @ ?iUitt@h) UL?_|L? uLh @? @**LU@|L? |L u@* |L Mi tTTLh|@M*i
M) @ _@* Uhhi?U) hitihit hi}4i ALL tii )c tTTLti |ihi t @ tTTLh|?} 4*|T*i
hitihit hi}4i ? U -K 	 -6 `i @i tii? |@| e -6c |i ?^i Uhhi?U) hi|h? h@|i
? @ tTTLh|?} #+ hi}4ic t @ i}|i_ @ih@}i Lu |iti |L hi|h? h@|it Atc e -6 4t|
Mi Mi*L -6 ?_ t?Ui |i ?@|L?@* M@?! _iTLt| h@|i -
R
_ 4t| i^@* Lh i Uii_ -6c i
!?L e -6 4t| Mi *Lih |@? -
R
_c U 4i@?t |i tTTLh|@M*|) ThLM*i4 _itUhMi_ @MLi
** ?L| @hti ? |i L|ih @?_c u -K : -6c |i? e -6 4t| i Uii_ -6c 4@!?} | TLttM*i
|@| | ** @*tL i Uii_ -
R
_
b`@| !?_t Lu iUL?L4U t|hU|hit @?_ Ui?|h@* M@?! Thiuihi?Uit ** ThL_Ui TM*U @?_
Th@|i @**LU@|L?t |@| U@??L| Mi tTTLh|i_ M) _@* Uhhi?U) hitihi hi}4itq N?tTTLh|
@M*|) t 4Lt| *!i*) i? -
R
_ t U*Lti |L -6 @?_ i? -K t } hi*@|i |L ML| 5?Ui -
o
_
4t| i Uii_ -Kc | t U*i@h |@| ?tTTLh|@M*|) t 4Lt| *!i*) i? |i |L _iTLt| h@|it
@hi u@h @T@h| At hit*| t ?L| ih) thTht?} *|T*i hitihi hi^hi4i?|t ThL_i Ui?
|h@* M@?!t | ?Uhi@ti_ i M*|) |L ThUi _tUh4?@|i @}@?t| TLLh t@iht Ai) tL*_
Mi 4Lt| @*@M*i |L Ui?|h@* M@?!t L t |L i?}@}i ? TL*Uit Lu |t |)Ti Q Thit4
@M*)c Ui?|h@* M@?!t |@| @hi ^|i UL?Uih?i_ @ML| |i i*u@hi Lu hU t@iht M| hi*@|i*)
?UL?Uih?i_ @ML| |i i*u@hi Lu TLLh L?it
Bi? |@| |i Ui?|h@* M@?! _ithit |L ThUi _tUh4?@|ic ?tTTLh|@M*|) t 4Lhi *!i*)
i? _
o t *@h}i hi*@|i |L _
RG i? |t t |i U@tic |i i}|i_ @ih@}i e -6 t U*Ltih
|L -K |@? |L -6 Atc |i TL|i?|@* tiu*?itt Lu 4*|T*i hitihi hi^hi4i?|t _iTi?_t
4TLh|@?|*) L? iUL?L4U _i4L}h@T) i?|h@* M@?!iht @hi 4Lt| *!i*) |L ?_ 4*|T*i
hitihi hi^hi4i?|t tiu* ? iUL?L4it ? U ?@?U@* hitLhUit @hi UL?Ui?|h@|i_ ?
|i @?_t Lu |i hU t@iht EAi tLhUi Lu |t UL?Ui?|h@|L? UL*_ Mi |@| hU t@iht
@hi hi*@|i*) ?4ihLtc Lh |@| |i) @i hi*@|i*) *@h}i i?_L4i?|tc Lh |@| |i) @i @
hi*@|i*) } ThLTi?t|) |L t@i L|i |@| u _oE-o
_ @?_ _RE-
R
_ @hi ?Uhi@t?} u?U|L?tc










6?@**)c u @? iUL?L4) @t |i @uLhi4i?|L?i_ U@h@U|iht|Ut |i? 4*|T*i hitihi hi
^hi4i?|t @hi 4Lt| *!i*) |L Mi tiu* i? |i Ui?|h@* M@?! t hi*@|i*) UL?Uih?i_ @ML|
|i i*u@hi Lu |i ?|@* L*_ L?Uih? @ML| |i i*u@hi Lu |i ?|@* L*_ ** U@ti @ Ui?|h@*
M@?! |L ULLti hi*@|i*) } hitihi h@|Ltc U ** ?Uhi@ti |i @*i Lu |i ?L4?@*
*@M*|it |i ?|@* L*_ @hi i?_Li_ | W? iUL?L4it ? U _
o t *@h}i hi*@|i |L _
Rc
|i !i) hitihi h@|L ** Mi wKc MiU@ti |i hU t@iht @hi |i Th?UT@* tLhUi Lu hitihi
_i4@?_ ?_ | tL*_ Mi U*i@h uhL4 i^@|L? E2S |@| }ih @*it Lu wK ** ThL_Ui
@*it Lu e -6 |@| @hi U*Ltih |L -Kc @?_ |t |@| @hi 4Lhi *!i*) |L i Uii_ -
R
_
Ai ULhL**@h) |L hLTLt|L? 2 it|@M*tit |@| | t ?L?@ULtG
LhL**@h)  Aihi @hi *@tt  iUL?L4it |@| @i TM*U @?_ Th@|i @**LU@|L?t |@|
U@??L| Mi tTTLh|i_ M) 4*|T*i t?}*i hitihi hi}4it
`i ThLi LhL**@h)  @ , @4T*i 2c U @t @** |i ui@|hit t| _itUhMi_ Ai _iTLt|
h@|i hiUii_ M) hU t@iht t 4Lhi |@? f M@tt TL?|t }ih |@? |i h@|i hiUii_ M) TLLh
t@ihtc |i hU t@iht @UUL?| uLh hL}*) HD TihUi?| Lu |i i^*Mh4 ?@?U@* hitLhUitc
@?_ |i ML?_ hitihi h@|L ? |i tTTLh|?} 4*|T*i hitihit TL*U) ti||?} t ^|i }
EDf TihUi?| L|i |@| ? |i *@||ih TL*U) ui@|hit @ hitih@M*i ML?_ hi|h? h@|i @*4Lt|
e2f M@tt TL?|t }ih |@? |i h@|i Lu hi|h? L? Uhhi?U)22 `i @*tL ThL_i @? i @4T*i
E, @4T*i  Lu @ TM*U @?_ Th@|i @**LU@|L? |@| U@? Mi tTTLh|i_ M) @ 4*|T*i t?}*i
hitihi hi}4i Ai iUL?L4it Lu |iti |L i @4T*it @hi _i?|U@* i UiT| uLh |i LMiU|it
Lu |i Ui?|h@* M@?! W? , @4T*i c |i Ui?|h@* M@?! t *itt UL?Uih?i_ @ML| |i i*u@hi Lu
|i ?|@* L*_c tL | ULLtit @ *Lih ML?_ hitihi h@|L t @ hit*|c e -6 u@**t t*}|*) Mi*L
-
R
_c @**L?} |i Ui?|h@* M@?! |L tTTTLh| |i @**LU@|L? | @ _@* Uhhi?U) hitihi TL*U)
ti||?} ?L*?} @ hi*@|i*) } Uhhi?U) hi|h? h@|i @?_ @ ih) } Uhhi?U) hitihi h@|L
hLTLt|L? 2 it|@M*tit |@| *@tt  iUL?L4it U@? @i TM*U @?_ Th@|i @**LU@|L?t
|@| U@? Mi tTTLh|i_ L?*) M) @*it E-Kc- 6 | -K :- 6 Q |@| tc @**LU@|L?t |@| U@?
Mi tTTLh|i_ L?*) M) UL?i?|L?@* 4*|T*i hitihit hi}4it W| @*tL it|@M*tit |@| |iti
iUL?L4it U@??L| @i @**LU@|L?t |@| @hi tTTLh|@M*i L?*) M) ?UL?i?|L?@* 4*|T*i
hitihit hi}4it Wu @? @**LU@|L? t tTTLh|@M*i M) tL4i @*it E-Kc- 6 ui@|h?} -K 	- 6c
|i? hLTLt|L? 2 }@h@?|iit |@| | ** @*tL Mi tTTLh|@M*i M) @*it ui@|h?} -K  -6
At hit*| 4@) }L @ *L?} @) |L@h_t i T*@??} ) i _L ?L| LMtihi hitih@M*i ML?_t
|@| )i*_ ?i}@|i ?L4?@* ?|ihit|G |ihi t ?iih @?) ?ii_ uLh |i42￿
55Wkhuh duh dowhuqdwlyh htxlydohqw srolf| vhwwlqjv wkdw lqyroyh orzhu erqg uhvhuyh udwlrv dqg orzhu qrplqdo
erqg udwhv1 Krzhyhu/ wkh erqg uhvhuyh udwlr fdqqrw eh vhw ehorz 3=59:/ dqg wkh qrplqdo erqg udwh pxvw
dozd|v eh srvlwlyh1
56Hvslqrvd dqg Uxvvhoo +4<<<, vkrz wkdw qhjdwlyh qrplqdo lqwhuhvw erqgv duh dovr xqqhfhvvdu| lq Fodvv D
hfrqrplhv1
e2D2 +i}4it | @ UL44L? hitihi h@|L
h tiUL?_ hit*| ?L*it hi}4it ? U ML| |)Tit Lu M@?!t u@Ui |i t@4i hitihi h@|Lc
M| 4t| L*_ _gihi?| }Lih?4i?| *@M*|it Q Uhhi?U) uLh |i ?@|L?@* M@?!t @?_ ML?_t
uLh |i ?|ih?@|L?@* M@?!t Q ? Lh_ih |L 4ii| |i hitihi hi^hi4i?| `i ** hiuih |L
hi}4it Lu |t |)Ti @t R_@* hitih@M*i *@M*|) E#+w hi}4it
 _@* hitih@M*i *@M*|) i^*Mh4 U@? Mi _i?i_ @t @ 4*|T*i hitihit i^*Mh4
? U w6 ' wK 6Lh t4T*U|)c i t@** U@** |i UL44L? hitihi h@|L w Ai UL?_|L?t
uLh @ t?}*i 4*|T*i hitihi @hi |i? _i?|U@* |L |i 4*|T*i hitihit i^*Mh4 UL?_
|L?t i UiT| |@| |i hit|hU|L? w 5 Efco hiT*@Uit |i @?@*L}Lt hit|hU|L?t L? w6 @?_ wKc
i^@|L?t E2 @?_ E @hi hiT*@Ui_ M)
-
R
_ 'E  w- n w- 6 E2.
-
o
_ 'E  w- n w- K cE 2 H 
hitTiU|i*)c @?_ i^@|L?t Ee @?_ ED @hi hiT*@Ui_ M)














_o  6fcE  f 
hitTiU|i*)
}@?c @?) _@* hitih@M*i *@M*|) @**LU@|L? t @ TM*U @?_ Th@|i @**LU@|L?c M| @}@?c
|i UL?ihti t ?L| @*@)t |hi hLTLt|L?  _i?|it ?iUitt@h) @?_ tUi?| UL?_|L?t
?_ih U @ TM*U @?_ Th@|i @**LU@|L? U@??L| Mi tTTLh|i_ M) @ _@* hitih@M*i *@M*|)
hi}4i
hLTLt|L?  W? *@tt  iUL?L4itc @ TM*U @?_ Th@|i @**LU@|L? ** u@* |L Mi tTTLh|










Wu @? @**LU@|L? t@|tit |t UL?_|L?c |i? @?) 4*|T*i hitihit hi}4i |@| tTTLh|t |
4t| ?L*i w6 : wK
`i U@? i T*@? |i ?||L? Mi?_ hLTLt|L?  t?} |i t@4i !?_ Lu |L}| i 
Tih4i?| i ti_ ? |i ThiUi_?} tMtiU|L? 5TTLti |i Ui?|h@* M@?! @?|t |L tTTLh|
@ TM*U @?_ Th@|i @**LU@|L? | @? #+w hi}4i Wu |t ?i hi}4i t |L ThL_Ui |i
t@4i *ii* Lu i*u@hi uLh |i ?|@* L*_c |i? | 4t| }i?ih@|i |i t@4i *ii* Lu @}}hi}@|i _i
4@?_ uLh hitih@M*i *@M*|it W? Lh_ih |L }i?ih@|i |i hi^hi_ *ii* Lu hitihi _i4@?_c |i
Ui?|h@* M@?! 4t| ti| |i UL44L? hitihi h@|L @| @ ?^i i}|i_ @ih@}i Lu |i hitihi
eeh@|Lt uhL4 |i 4*|T*i hitihit TL*U) ti||?} E,ih) 4*|T*i hitihit TL*U) ti||?} |@|
tTTLh|t @ }i? @**LU@|L? )i*_t |i t@4i i}|i_ @ih@}i Ai UL44L? hitihi h@|L t
e w ' qRw6 n qowK '

_
cE  2 
ihi qR ' _
R
*_ @?_ qo ' qR ' _
o
*_ Atc UL?_|L? E U@? Mi hih||i?
E  e w-  -
R
_ E   
W| t 44i_@|i*) U*i@h uhL4 |i ?@|L?@* M@?! _iTLt| h@|i i^@|L? E2. |@| UL?_|L? E
4T*it e -6 	 f Etii Mi*L
AL hit4i |i iht|U @UUL?|c tTTLti |@| Ui?|h@* M@?! tit |L UL?_U| @}}hitti
ThUi _tUh4?@|L?c !iiT?} |i hi|h? h@|i hiUii_ M) |i hU t@iht } M| _h?} |i
h@|i u@U?} |i TLLh t@iht *L ? Lh_ih |L uLhUi |i4 |L Mi@h @ _tThLTLh|L?@|i t@hi Lu |i
Mh_i? Lu ?@?U?} }Lih?4i?| i Ti?_|hit N?_ih @ }i??i 4*|T*i hitihit hi}4ic |i
Ui?|h@* M@?! UL*_ ti _gihi?|@* hitihi h@|L TL*U) |L i*T | @UUL4T*t |t |@t!c ti||?}
|i ?@|L?@* M@?! hitihi h@|L @| @ } *ii* @?_ |i ?|ih?@|L?@* M@?! h@|L @| @ *L
*ii* OLiihc ?_ih @ _@* hitih@M*i *@M*|) hi}4i | t UL?t|h@?i_ |L 4TLti |i t@4i
hitihi h@|L L? ML| |)Tit Lu M@?!t Wu @ TM*U @?_ Th@|i @**LU@|L? t@|tit ?i^@*|)
Ec Liihc |i? @ UL44L? hitihi h@|L *L i?L} |L i?@M*i |i Ui?|h@* M@?! |L Lgih @
eD} _iTLt| h@|i |L |i hU t@iht ** Mi |LL *L |L Tih4| | |L i@h? |i ?ii_i_ @4L?|
Lu ti}?Lh@}i hii?i uhL4 TLLh t@iht Ai *L UL44L? hitihi h@|L ** ?L| uLhUi |i
?@|L?@* M@?!t |L L*_ *@h}i i?L} hitihitc U 4i@?t |@| ii? @ ih) *L Uhhi?U)
hi|h? h@|i Q |@| tc @ ih) } ?@|L? h@|i Q ** u@* |L ThL_Ui |i ?ii_i_ ti}?Lh@}i
hii?i2e
Ai ?iUitt|) Lu |i UL?_|L? w6 : wK uLh ?tTTLh|@M*|) uL**Lt 44i_@|i*) uhL4 @?
@*|ih?@|i uLh4 Lu UL?_|L? Ec U t
-Ew6  wK_
o  w6-6 _E  e 
Ai *L}U ihi t t|h@}|uLh@h_ t i @i tii?c tTTLh|@M*|) ThLM*i4t 4@) @hti u
|i ?^i #+w Uhhi?U) hi|h? h@|i e -6 4t| Mi *Lih |@? @?) Lu |i Uhhi?U) hi|h?
h@|it ?_ih tTTLh|?} 4*|T*i hitihit hi}4it At U@? @TTi? L?*) u |i UL44L? #+w
57Zk| fdq*w wkh fhqwudo edqn vlpso| lqfuhdvh wkh uhvhuyh udwlr rq lqwhuqdwlrqdo edqnv dqg frpshqvdwh wkh
ulfk vdyhuv e| lqfuhdvlqj wkh udwh ri uhwxuq rq uhvhuydeoh erqgvB Wkh sureohp zlwk wklv vwudwhj| lqyroyhv dq
lqvljkw gxh wr Iuhhpdq +4<;:,1 Lq prghov ri wklv w|sh/ vhljqlrudjh lv d sduwlfxoduo| lqhflhqw irup ri dvvhw
wd{dwlrq ehfdxvh wkh dvvhwv wkdw frqvwlwxwh lwv wd{ edvh  xqedfnhg jryhuqphqw oldelolwlhv  duh lqhflhqw
dvvhwv1 Wkh vrxufh ri wklv lqhflhqf| lv wkdw xqedfnhg jryhuqphqw oldelolwlhv uhsuhvhqw lqwhujhqhudwlrqdo
wudqvihuv1 Wkh vrfldo udwh ri uhwxuq rq lqwhuqdwlrqdo wudqvihuv lv wkh rxwsxw jurzwk udwh/ zklfk lv orzhu/ e|
dvvxpswlrq/ wkdq wkh udwh ri uhwxuq rq sulydwh lqyhvwphqw1 Wkxv/ doorfdwlqj vdylqj wr fxuuhqf| ru jryhuqphqw
erqgv/ udwkhu wkdq wr sulydwh lqyhvwphqw/ uhvxowv lq d orvv ri frqvxpswlrq1 Xvlqj uhvhuyh uhtxluhphqwv wr
lqfuhdvh wkh vhljqlrudjh wd{ edvh lqfuhdvhv wkh vwrfn ri fxuuhqf| dqg jryhuqphqw erqgv/ zklfk lqfuhdvhv
wkh txdqwlw| ri frqvxpswlrq jrrgv wkdw pxvw eh jlyhq xs lq rughu wr surylgh wkh jryhuqphqw zlwk d jlyhq
dprxqw ri uhyhqxh1 Lw iroorzv wkdw li wkh fhqwudo edqn wulhv wr lqfuhdvh wkh uhvhuyh uhtxluhphqw zlwkrxw orvlqj
vhljqlrudjh uhyhqxh/ lw zloo kdyh wr uhgxfh hlwkhu wkh lqwhuqdwlrqdo edqn ghsrvlw udwh/ zklfk zloo uhgxfh wkh
frqvxpswlrq dqg zhoiduh wkh ulfk vdyhuv/ ru wkh qdwlrqdo edqn ghsrvlw udwh/ zklfk zloo kdyh wkh vdph hhfw
rq wkh srru vdyhuv1 Ri frxuvh/ dq lqfuhdvh lq wkh dyhudjh uhvhuyh udwlr zrxog ehqhw wkh lqlwldo rog/ exw wkh
fhqwudo edqn pd| qrw lqwhuhvwhg lq lqfuhdvlqj wkh zhoiduh ri wkh lqlwldo rog dw wkh h{shqvh ri wkh ulfk dqg2ru
srru vdyhuv1
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58Vlwxdwlrqv ri wklv vruw duh prvw olnho| zkhq wkh fhqwudo edqn lv qrw wrr frqfhuqhg derxw wkh zhoiduh ri wkh
lqlwldo rog  zklfk whqgv wr surgxfh d orz ydoxh ri e  dqg kdv d uhodwlyho| odujh ghflw wr qdqfh/ vr wkdw
do r zy d o x hr ie uhtxluhv d orz ydoxh ri Ue1 Wkh| duh dovr pruh olnho| zkhq g
u
lv txlwh odujh uhodwlyh wr g
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vlqfh lq wkhvh fdvhv li Ue lv orz wkhq p3 zloo eh orz uhodwlyh wr g
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59Lq dq hduolhu yhuvlrq ri wklv sdshu/ zh vwxglhg uhjlphv lq zklfk wkh fhqwudo edqn lpsrvhg d fxuuhqf| uhvhuyh




g/ zklfk lv sduw ri htxloleulxp frqglwlrq +44,/ lpsolhv wkdw lq d uhjlph ri wklv
vruw/ wkh ghsrvlw wd{ pxvw eh lpsrvhg rq wkh qdwlrqdo edqnv1` Dqrwkhu dowhuqdwlyh uhjlph zrxog ihdwxuh d
fxuuhqf| uhvhuyh uhtxluhphqw rq wkh lqwhuqdwlrqdo edqnv soxv d wd{ rq ixqgv ghsrvlwhg dw qdwlrqdo edqnv1 Lw
fdq eh vkrzq/ krzhyhu/ wkdw dq| sxeolf dqg sulydwh doorfdwlrqv vxssruwdeoh e| uhjlphv ri wklv w|sh fdq dovr
eh vxssruwhg e| gxdo fxuuhqf| uhvhuyh uhjlphv1
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5:Lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq d ghsrvlw wd{/ zklfk lv d wd{ rq ixqgv ghsrvlwhg/ dqg d wd{ rq
ghsrvlw uhwxuqv1 Iuhhpdq +4<;:, ghprqvwudwhv wkdw lq prghov ri wklv w|sh/ ghsrvlw0uhwxuqv wd{hv duh qrw
vshfldo fdvhv ri uhvhuyh uhtxluhphqwv1 Iru wklv uhdvrq/ zh gr qrw vwxg| ghsrvlw0uhwxuqv wd{hv lq wklv sdshu1
Krzhyhu/ zh wklqn h{sdqglqj rxu dqdo|vlv wr lqfoxgh wkhvh wd{hv zrxog eh dq lqwhuhvwlqj h{whqvlrq ri rxu
uhvhdufk1
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6;Ph{lfr*v srolf| uhjduglqj uhvhuyh uhtxluhphqwv rq iruhljq fxuuhqf| ghsrvlwv surylghv dq dgglwlrqdo h{dpsoh
ri lwv xvh ri uhvhuyh uhtxluhphqwv dv d ghylfh iru sulfh glvfulplqdwlrq1 Krzhyhu/ zh fdqqrw fodlp wkdw rxu
irupdo prgho h{sodlqv wklv ehkdylru lq dq| gluhfw zd|/ ehfdxvh wkh prgho grhv qrw lqfoxgh iruhljq fxuuhqf|1
Vlploduo|/ rxu prgho grhv qrw doorz xv wr glvwlqjxlvk ehwzhhq ghpdqg ghsrvlwv dqg wlph ghsrvlwv +vhh deryh,1
6<Jlyhq Ph{lfr*v uhodwlyho| kljk lqdwlrq udwhv/ wkh kljk uhvhuyh udwlrv rq iruhljq0fxuuhqf|0ghqrplqdwhg
ghsrvlwv kdyh suredeo| ehhq qhfhvvdu| wr uhgxfh wkhlu dwwudfwlyhqhvv uhodwlyh wr ghsrvlwv ghqrplqdwhg lq
shvrv1 Krzhyhu/ wkh jhrjudsklf glhuhqwldwlrq ri wkhvh uhvhuyh uhtxluhphqwv uhtxluhphqwv pd| kdyh ehhq
prwlydwhg e| sulfh glvfulplqdwlrq2vrfldo0zhoiduh frqvlghudwlrqv1 Zkloh kroglqjv ri ghsrvlwv ghqrplqdwhg lq
iruhljq fxuuhqf| duh suredeo| frqfhqwudwhg dprqj uhodwlyho| zhdowk| Ph{lfdqv/ wklv pd| eh vrphzkdw ohvv
wuxh dorqj wkh qruwkhuq iurqwlhu ehfdxvh ri wkh uhodwlyho| kljk shufhqwdjh ri wkh orfdo srsxodwlrq hqjdjhg lq
wudgh zlwk wkh Xqlwhg Vwdwhv1
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73Rqh sureohp zlwk wklv dujxphqw lv wkdw erqg uhvhuyh uhtxluhphqwv zhuh qrw shupdqhqwo| gursshg  wkh|
zhuh uhlpsrvhg lq 4<;81 Zkhq wklv kdsshqhg/ krzhyhu/ wkh fxuuhqf| uhvhuyh uhtxluhphqwv zhuh gudvwlfdoo|
uhgxfhg/ vr wkdw wkh djjuhjdwh uhvhuyh udwlr zdv xqfkdqjhg1 Wkxv/ lq wklv fdvh wkh jryhuqphqw vhhpv wr kdyh
xvhg wkh uhlpsrvlwlrq ri erqg uhvhuyh uhtxluhphqwv dv d ghylfh wr uhgxfh wkh lpsolflw wd{ udwh rq ghsrvlwv
zlwkrxw fkdqjlqj wkh djjuhjdwh uhvhuyh udwlr1 Lw vhhpv olnho| wkdw srolwlfv sod|hg d uroh lq wklv ghflvlrq1 Dw wkh
wlph erqg uhvhuyh uhtxluhphqwv zhuh uhlpsrvhg Ph{lfr*v lqdwlrq udwh zdv h{wuhpho| kljk/ dqg wkh sxeolf
zdv xqgrxewhgo| uhvlvwdqw wr fkdqjhv lq jryhuqphqw srolf| wkdw vhhphg wr ehqhw wkh edqnv dw wkh h{shqvh
ri qrqedqn kroghuv ri fxuuhqf|1 Fkdqjhv lq wkh djjuhjdwh uhvhuyh udwlr duh suredeo| hdvlhu iru wkh sxeolf wr
xqghuvwdqg dqg lqwhusuhw wkdq fkdqjhv lq wkh qdwxuh dqg glvwulexwlrq ri uhvhuyh dvvhwv1 Frqvhtxhqwo|/ wkh
jryhuqphqw pd| kdyh ylhzhg uhlpsrvlqj erqg uhvhuyh uhtxluhphqwv dv d zd| wr uhgxfh wkh exughq ri uhvhuyh
frvwv rq edqnlqj v|vwhp zlwkrxw pdnlqj lw reylrxv wkdw lw zdv grlqj vr1
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vwdqglqj pd| eh khog deurdg/ zkloh suhvxpdeo| ihz shvrv duh khog rxwvlgh Ph{lfr1 Frqvhtxhqwo|/ grphvwlf
qrq0uhvhuyh fxuuhqf| ghpdqg kdv suredeo| ehhq frqvlghudeo| odujhu lq Ph{lfr wkdq lq wkh Xqlwhg Vwdwhv1
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